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Hodge  bad  the  courage  to  break  &w&y  from  the  eHtablisbed  pre 
Hie  [tactically  parallel  iUagonalB  of  the  tnieaee  in  the  long  apans  q 
St.  Looia  Txoe  Bridge  certainly  add  greatly  to  tbe  appearance  < 
structure. 

'  Mr.  Hodge's  detail  for  connection  of  end  lower  laterals  ia  a  g 
Wben  hewing  about  it  for  the  first  time,  one  might  be  inclined  t 
tb4t  it  invblvee  weakness  by  putting  bending  moment  on  the  e 
beams;  but  such  is  not  the  case,  for  the  bringing  together  of  t 
mi  laterals  gives  than  the  function  of  end  chord  members  of  the  hoi 
Irtaat  tnns,  thus  cutting  out  the  end  panels  of  the  bottom  c 
aiditil;  to  form  the  sud  trosB.    Tbe  great  advantage  of  this  t 
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emtmuoua  gnden  cannot  be  classed  as  truly  scientific  oonBtnictioB^ 
tha  e^Mriment  has  not  ance  been  repeated.  However,  the  lsid|i 
Ha  wcxk  Batiafactorily  for  more  tiian  two  decades,  and  baa  mly  I 
beea  remored  ao  as  to  make  room  for  a  double-track  structure. 

The  Union  Brid^  and  Construction  Company  when  erecting  a  a 
tmdge  ov^  the  Atchafalaya  Birer,  where  the  water  was  very  deq^' 
the  current  tpiite  swift,  emplo^d  a  neat  expedient  by  netting  t^ 
turntable  on  the  [Hvot  pier,  raecting  thereon  the  tower,  and  cantU 
oat  the  truases,  one  panel  at  a  time.  As  the  erection  waa  dcue  { 
ain^  large  barge  anchored  in  the  stream,  it  was  necessary  to  r 
partially  oompleted  superstructure  after  unbalancing  it  by  a  ain|^  f 
length  of  steel.  In  this  wi^  it  was  obligatory  to  swing  the  woric 
bimdred  and  ei^ty  degrees  afto:  the  erectJim  of  each  two  panels. 
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scheme  worked  to  perfection,  and  the  span  was  completed  quickly  and 
>Kithout  giving  any  trouble,  the  barge  being  moved  laterally  by  the  anchor 
cables  as  the  arms  were  lengthened. 

In  Engineering  News  of  May  12,  1904,  there  is  described  and  illus- 
trated a  novel  expedient  for  a  skew  crossing  of  a  canal  by  running  the 
t-ack  through  a  panel  of  a  truss  and  depending  upon  the  strength  and 
stiflfness  of  the  chord  to  compensate  for  the  missing  diagonal.  While 
the  result  was  apparently  satisfactory,  the  policy  of  the  scheme  is  doubt- 
ful, because  a  better  solution  of  the  problem  could  have  been  obtained 
by  the  expenditure  of  more  money.  It  appears,  though,  that  the  extra 
money  was  not  available. 

In  Engineering  Record,  Vol.  53,  p.  712,  there  is  described  a  temporary 
wooden  drawbridge  over  the  Chicago  River,  one  end  being  pivoted  and 
the  other  resting  on  a  scow,  which  was  moved  in  the  arc  of  a  circle  to  open 
the  draw.  A  somewhat  similar  idea  is  described  in  Engineering  News, 
Vol.  50,  p.  372.  It  consists  of  a  draw  span  pivoted  at  one  end  and  sup- 
ported at  the  other  by  a  bent  resting  on  rollers  running  on  a  curved  rail 
in  the  bed  of  the  canal,  the  operation  being  effected  by  electric  motors. 

In  Engineering  News,  Vol.  28,  p.  441,  there  is  a  description  of  an  in- 
geoiDOS  way  of  saving  a  little  money  in  the  construction  of  a  swing  span 
by  ^K&tOevering  out  the  ends  of  the  approach  spans  so  as  to  cheapen  the 
piea%  but  the  author  is  of  the  opinion  that  in  most  cases  the  cost  of  caring 
for  tbe  reversing  stresses  in  the  two  anchor  spans  would  more  than  offset 
the  saving  in  the  substructure,  unless  the  pitch  of  the  bed-rock  on  both 
sides  toward  the  centre  were  unusually  abrupt — a  very  rare  condition. 
Anottier  type  of  bridge,  for  instance  a  vertical  lift,  would  have  solved  the 
proUem  much  better. 

The  expedients  which  follow  are  some  that  have  been  evolved  by  the 
author. 

In  the  design  of  the  temporary  bridge  across  the  Missouri  River  at 
East  Omaha,  as  mentioned  in  another  chapter,  the  layout  was  made  on 
a  skew  of  eleven  degrees  so  that  later,  when  the  remainder  of  the  perma- 
nent construction  was  being  built,  all  the  new  piers  could  be  put  in  and 
all  the  new  spans  could  be  erected  without  stopping  traffic  at  all  on  the 
old  structure,  of  which  only  the  pivot  pier  and  the  swing  span  were  of 
pomanent  construction.  Ten  years  afterward  it  all  worked  out  as  it  had 
been  arranged  for  in  the  beginning. 

Another  expedient  in  that  structure  was,  for  the  sake  of  economy,  to 
omit  temporarily  the  cantilever  brackets  for  the  wagonways  and  foot- 
walks  and  to  place  a  single  track  at  the  middle  of  the  bridge  and  operate 
it  and  the  highway  traffic  on  the  same  space  until  business  conditions 
should  demand  a  better  arrangement. 

The  method  described  in  Chapter  XLI  for  righting  two  of  the  piers 
of  the  permanent  construction  of  the  East  Omaha  Bridge  by  means  of 
wire  ropes  with  a  toggle  between  was  an  expedient  of  value.    The  author 
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employed  it  again  a  few  years  afterward  for  righting  the  east  rest  pier  of 
the  Sioux  City  Bridge,  which  had  been  moved  out  of  plumb  by  a  land 
slide  that  was  caused  by  the  piling  of  a  great  mass  of  rock  on  the  bank 
just  under  the  approach. 

The  patented  arrangement,  mentioned  elsewhere  herein,  for  building 
long  span  bridges  at  first  for  single-track,  and  later  by  duplicating  the 
trusses  alongside  and  putting  in  extra  lines  of  stringers  to  provide  for 
carrying  a  double-track,  is  an  expedient  that,  imder  certain  conditions,  it 
may  prove  advisable  to  adopt,  as  it  might  save  the  interest  over  a  long 
term  of  years  on  thirty  or  more  per  cent  of  the  first  cost  of  constructing 
a  double-track  bridge. 

The  design  described  in  Chapter  XL  for  building  a  crib  and  caisson 
so  that  it  may  be  sunk  part  way  by  the  pneumatic  process  and  the  re- 
mainder by  open  dredging  is  an  expedient  that  ought  to  be  very  useful 
in  bridging  near  their  mouths  some  of  the  rivers  that  discharge  through 
delta  lands  into  the  Gulf  of  Mexico,  and  for  crossings  at  other  places 
where  similar  conditions  exist. 

In  order  to  anticipate  the  possibility  of  a  sliding  of  the  banks  into 
the  channel  of  the  river  and  thus  overturning  or  otherwise  disturbing  the 
piers  of  a  certain  single-track  railway  bridge,  the  author  designed  each 
of  the  shore  piers  as  a  single  cylinder  large  enough  to  accommodate  the 
shoes  of  the  trusses,  and  made  the  bases  of  all  the  channel  piers  octagonal 
with  the  noses  of  the  octagon  pointing  longitudinally  with  the  bridge  so 
as  to  cut  into  the  loose  sliding  earth  and  turn  it  aside.  He  counted  upon 
carrying  the  piers  by  open  dredging  some  one  hundred  and  forty  feet 
or  more  below  water,  well  into  a  layer  of  coarse  sand  that  underlay  the 
softer  material.  His  plan  was  rejected  after  bids  were  called  for  because 
of  its  claimed  high  cost,  and  ordinary  pneumatic  piers  of  timber  con- 
struction with  their  long  sides  up-and-down  stream  were  built  and  carried 
down  to  the  safe  working  limit  for  compressed  air,  viz.,  about  one  hun- 
dred and  ten  feet  below  the  water  level,  which  was  then  at  or  near  its 
extreme  height.  In  spite  of  vigorous  protests  by  the  author,  both  verbal 
and  written,  this  policy  was  adhered  to  with  the  result  that  the  antici- 
pated slide  occurred  before  the  bridge  was  completed,  and  one  pier  was 
toppled  over  to  such  an  extent  that  it  could  not  be  righted.  The  result 
was  a  far  greater  expenditure  of  money  than  would  have  been  necessary 
to  build  the  substructure  properly  and  safely  according  to  the  author's 
design.  This  case  has  been  mentioned  a  second  time  in  order  to  call 
attention  to  the  expedient  of  designing  so  as  to  prepare  for  the  contin- 
gency of  a  great  lateral  earth  slide. 

At  the  time  it  was  built,  the  spread  span  of  the  New  Westminster 
Bridge  over  the  Fraser  River,  shown  in  Fig.  45rf,  was  an  expedient,  al- 
though today  it  may  be  considered  standard  practice,  as  the  idea  has 
been  adopted  on  several  important  constructions. 

The  method  of  semi-cantilevering  evolved  by  the  author,  as  described 
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in  Chapter  XXV,  was  at  the  time  an  expedient;    but  it  also  has  since 
become  standard  practice. 

The  method  of  anchoring  a  large,  tight  swing  span  to  its  pivot  pier 
by  means  of  a  long  bolt  of  great  diameter  running  down  into  the  masonry, 
S3  described  in  Chapter  XXIV,  is  an  expedient  that  ought  to  be  adopted 


wherever  the  conditions  demand  the  protection  that  such  an  anchorage 
would  afford. 

In  the  building  of  the  new  Granville  Street  Bridge  at  Vancouver, 
British  Columbia,  alongside  of  the  old  one,  which  was  at  a  considerably 
lower  level,  the  two  structures  were  so  close  together  that  it  was  necessary 
to  cantilever  one  arm  of  the  new  swii^  span  over  the  space  occupied  by 
one  end  of  the  old  draw  when  it  was  being  rotated— an  expedient  that 
worked  quite  satisfactorily. 

In  designing  the  scheme  for  the  erection  of  the  City  Waterway  Bridge 
at  Tacoma,  Washington,  on  the  same  line  as  that  of  the  old  bridge,  but 
somewhat  higher,  it  was  necessary  to  maintain  traffic.  The  author  ac- 
complished this  by  building  a  wooden  trestle  on  the  right-hand  side  of 
the  city  end  and  on  the  left  hand  side  at  the  other  end,  carrying  both 
Iresttes  a  little  way  out  into  the  navigable  channel  and  turning  the  swing 
apan  at  a  skew  so  as  to  connect  with  the  two  ends.  As  the  new  movable 
span  was  to  be  a  vertical  lift  (see  Figs.  31n  and  31o)  and  a  little  shorter 
than  the  old  swing,  there  was  room  to  put  in  the  new  piers  for  the  lift 
span  close  in  front  of  the  old  rest  piers  of  the  saving.     The  old  approaches 
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were  then  removed  and  the  new  ones  were  built,  after  which  the  lift  span 
was  constructed  aloft  on  cantilevered  falsework  tied  back  to  the  finished 
construction;  then  the  falsework  was  removed,  the  swing  span  was  floated 
off,  the  lift  was  lowered  for  traffic,  and  the  old  piers  were  taken  out. 

In  a  design  for  a  vertical  lift  bridge  to  cross  the  Second  Narrows  at 
Vancouver,  British  Columbia,  in  order  to  carry  across  it  the  pipes  for  the 
city's  water  supply,  the  author  evolved  an  expedient  for  supporting  them 
at  a  considerably  lower  level  than  the  top  of  the  towers,  near  which  they 
ordinarily  would  have  to  go.  The  proposed  structure  was  designed  for  a 
double-track  railway  between  the  trusses  to  carry  both  steam  and  electric 
trains  and  a  roadway  and  footwalk  on  each  side  cantilevered  beyond  the 
trusses.  He  took  advantage  of  this  fact  by  building  two  shallow,  narrow 
spans  to  carry  the  pipes  inside  and  arranged  to  support  them  on  brackets 
cantilevered  out  from  the  front  vertical  posts  of  the  tower  and  braced  back 
diagonally  to  the  rear  inclined  columns  thereof.  The  movable  span  at 
its  highest  possible  position  brought  the  sidewalk  flooring  within  a  foot 
of  the  pipe  girders,  the  trusses  of  the  said  span  passing  through  the  rec- 
tangular space  left  between  the  opposite  pipe-supporting  spans. 

In  Bridge  No.  9  of  the  Canadian  Northern  Pacific  Railway  across  the 
Thompson  River,  the  water  was  quite  deep  and  the  current  swift  at  the 
narrow  part  of  the  stream,  over  which  it  was  arranged  to  build  a  single 
through  span.  As  the  bottom  was  covered  with  large  boulders,  the  au- 
thor feared  that  it  would  be  impracticable  for  the  contractor  to  build, 
without  going  to  unduly  great  expense,  falsework  that  would  withstand 
the  current;  consequently,  in  preparing  the  bidding  specifications  he  sug- 
gested a  means  for  erection  that  is  worthy  to  be  classed  as  an  expedient. 
It  was  to  build  falsework  out  from  each  shore  as  far  as  practicable  and 
to  place  in  the  intervening  space  three  barges  headed  up-and-down  stream 
and  effectively  braced  together  horizontally  at  their  tops  and  canying 
timber  falsework  braced  substantially  in  vertical  planes,  and  anchoring 
the  combination  diagonally  by  adjustable  cables  both  above  and  below 
so  that  it  could  be  kept  in  correct  position  at  all  times,  even  should  the 
elevation  of  the  water  vary  a  foot  or  two,  which  was  more  than  would 
be  likely  to  occur  during  the  erection  season.  The  decks  of  the  barges 
were  to  be  a  little  higher  above  the  water  than  would  suffice  to  put  the 
erected  span  at  its  final  elevation.  The  erection  was  to  be  done  by  start- 
ing at  mid-span  and  working  at  a  uniform  rate  of  progress  in  both  direc- 
tions, cantilevering  the  ends  beyond  the  barge,  and  letting  water  into 
the  latter  to  permit  the  completed  metalwork  to  come  to  final  position. 
As  it  turned  out,  however,  the  contractor  was  able  to  drive  piles  between 
the  boulders  and  to  maintain  his  falsework  without  going  to  as  much 
expense  as  the  flotation  method  would  have  involved. 

The  proposed  cantilever  bridge  to  cross  the  entrance  channel  to  Havana 
Harbor,  illustrated  in  Fig.  52a,  contains  several  expedients  worthy  of  men- 
tion, notably  the  spiral  approach  which  the  author  evolved  so  as  to  at- 
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tain  the  required  elevation  in  a  very  limited  space.  As  far  as  he  knows, 
this  is  the  first  occasion  that  the  idea  has  been  suggested  for  bridge  con- 
^ruction.  Again,  the  placing  of  a  large  amusement  building  or  casino 
above  the  spiral  stairway  so  as  to  make  it  the  most  popular  resort  in 
Havana  may  properly  be  termed  an  expedient,  for  it  will  utilize  at  com- 
paratively small  expense  space  that  might  otherwise  have  been  wasted, 
the  extra  cost  of  the  pedestals  and  columns  for  carrying  the  building 
being  comparatively  small.  The  suspension  detail  adopted  for  this  bridge 
and  which  was  described  in  Chapter  XXV  as  having  been  evolved  by  the 
author  for  the  new  Quebec  Bridge  is  still  an  expedient,  for  it  has  not  yet 
been  actually  employed  in  construction.  The  hoisting  of  the  suspended 
span  by  four  wire  ropes  from  barges  to  a  height  of  nearly  two  hundred 
feet  clear  above  the  water  as  projected  by  the  author  is  also  an  expedient. 
But  the  most  unique  expedient  of  them  all  in  this  proposed  construction 
b  the  designing  of  the  metalwork  in  such  a  way  that,  if  it  be  knocked 
down  by  gun-fire  from  an  enemy's  fleet  or  by  dynamiting,  it  will  not  en- 
tirely block  the  navigation  of  the  harbor  by  its  fall.  It  was  necessary 
for  the  author  to  do  this  in  order  to  overcome  the  opposition  of  both 
the  War  and  the  Navy  Departments  at  Washington  to  the  project.  How 
this  result  was  accomplished  can  be  understood  by  a  study  of  Fig.  45c, 
which  shows  what  would  occur  were  the  superstructure  cut  at  dififerent 
places.  This  plan  was  accepted  by  the  General  Board  of  the  Navy  and 
by  a  special  board  of  three  Army  Engineers  appointed  by  the  Secretary 
of  War  to  investigate  the  matter.  A  curious  piece  of  information  was 
obtained  during  this  investigation,  which  may  be  worthy  of  record.  One 
of  the  members  of  the  Army  Board  asked  whether  the  shock  resulting 
from  the  striking  of  the  cut  end  of  the  suspended  span  against  the  bed 
of  the  channel  would  not  cause  such  a  great  reaction  at  the  support  as 
to  break  the  metal  there  and  let  the  span  fall  entirely.  The  author  as- 
sured the  Board  that  it  would  not;  and  in  order  to  prove  the  correctness 
of  his  claim,  he  retained  his  brother-in-law,  A.  McL.  Hawks,  Esq.,  C.E., 
to  make  some  experiments  by  dropping  one  end  of  a  cast  iron  bar  sus- 
pended at  the  other  end  from  a  large  spring  scale,  and  recording  the 
readings  of  the  scale,  the  ratio  of  length  of  bar  to  fall  being  the  same  as 
that  of  the  length  of  span  to  its  height  above  the  channel  bed.  Much 
to  the  surprise  of  all  those  interested  in  making  the  experiment,  the  read- 
ing reduced  immediately  to  nearly  zero  and  then  went  for  an  instant 
to  nearly  the  total  weight  of  the  beam  and  finally  to  about  one  half  of  the 
said  weight.  The  apparatus  was  crude  and  the  readings  were  not  well  re- 
corded; but  the  experiment  was  repeated  a  number  of  times  with  approxi- 
mately the  same  results.  Had  the  apparatus  been  perfect,  it  is  likely 
that  it  would  have  shown  a  zero  reading  during  the  fall,  one  of  double 
the  static  reading  of  the  suspended  beam  immediately  after  the  shock, 
and  that  found  by  appl3ang  the  law  of  the  lever  after  the  bar  had  come 
to  rest.    Based  upon  this  experiment,  the  author  reported  to  both  Boards 
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Fig.  45c.     Methods  of  Failure  of  the  Proposed  Havana  Harbor  Bridge  if  Struck  by 

Gun-fire. 
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that  the  worst  possible  result  of  the  shock  would  be  to  double  the  dead 
load  reaction  at  the  support,  making  it  about  the  same  as  the  greatest 
reaction  there  from  combined  dead  load,  live  load,  and  impact,  and  show- 
ing conclusively  that  the  effect  of  the  jar  could  not  possibly  bring  down 
the  other  end  of  the  span.  Meanwhile,  however,  the  Army  Board  had 
r^KHted  favorably  on  the  author's  plan  submitted,  having  accepted  his 
assurance  that  the  support  would  carry  safely  the  dead  load  under  the 
most  adverse  circumstances;  but  the  confirmation  offered  by  the  experi- 
ment was  most  satisfactory  to  all  concerned. 

The  author's  latest  expedient  is  one  evolved  in  connection  with  the 
Ohio  Avenue  Bridge  over  the  Kaw  River  in  Kansas  City,  Kans.,  which 


FiQ,  45/.    Simple  Span  Bridge  Converted  into  a  Cantilever  Structure. 


structure  was  most  imjustly  condemned  by  the  Drainage  Board  as  being  an 
obstruction  to  the  flow  of  the  current.  It  consists  of  three  riveted  spans, 
one  of  which  was  previously  described  herein  and  illustrated  partially  in 
Fig.  lA.  These  spans  are  in  excellent  condition;  but,  owing  to  strong 
pr^sure  brought  to  bear  on  the  railroad  company  by  numerous  business 
patrons  who  have  been  induced  to  believe  in  the  erroneous  statements 
of  the  Drainage  Board,  that  company  has  agreed  to  remove  and  possibly 
to  replace  its  structure.  To  do  this  to  best  advantage  the  author  sug- 
gested the  utilization  of  all  three  of  the  old  spans  by  converting  the  bridge 
into  a  cantilever  structure,  as  shown  in  Fig.  45/,  lengthening  it  from  six 
hundred  feet  to  eight  hundred  and  forty-four  feet  in  order  to  conform 
to  the  increased  width  of  river  established  by  the  Drainage  Board  and  to 
the  increased  skew,  the  existing  structure  crossing  at  an  angle  of  about 
twenty  degrees  and  the  new  one  at  about  twenty-seven  degrees.  The 
increase  was  adopted  in  order  that  the  sharpest  allowable  curve  (fifteen 
degrees)  on  the  west  embankment  might  not  encroach  on  the  right-of-way 
of  another  railroad.  The  tops  of  the  main  posts  of  the  cantilever  arms 
are  to  be  tied  back  to  the  end  pins  of  the  anchor  arms  by  means  of  eye- 
bars;  and  suitable  anchorages  will  have  to  be  built  to  take  care  of  the 
npUfts  that  these  backstays  produce.  The  only  members  of  the  anchor 
arms  that  will  have  to  be  modified  to  meet  the  new  conditions  of  stress 
are  the  bottom  chords,  which  will  have  to  take  compression  from  end  to 
end,  and  also,  in  certain  panels,  alternating  compression  and  tension. 
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The  author  had  figured  on  employing  Mayarf  steel,  or  some  other 
alloy  of  like  capacity,  for  the  principal  members  of  the  cantilever  arms 
in  order  to  reduce  the  uplifts  as  much  as  practicable,  and  the  same  alloy 
in  the  new  members  of  the  bottom  chords  of  the  anchor  arms  so  as  to 
avoid  the  adoption  of  unduly  large  sectional  areas.  The  excess  price 
quoted  for  the  finished  Mayari  steel  work  was  only  eight-tenths  of  a  cent 
per  pound  as  compared  with  carbon  steelwork.  The  estimated  cost  of 
the  repaired  bridge  is  about  sixty  per  cent  of  that  of  a  new  structure  of 
the  same  carrying  capacity. 

Addendum 

After  the  plans  for  this  reconstruction  were  partially  completed,  it 
was  found  necessary  to  abandon  the  scheme,  because  of  excessively  high 
property  damages  that  were  claimed  by  the  land  owners  whose  holdings 
would  have  been  crossed  by  the  new  line. 


CHAPTER  XLVI 

DATA  BEQUIRED  FOB  DESIGNING  BRIDGES,   TRESTLES,  AND  VIADUCTS 

The  importance  of  a  thorough  prelimmary  study  of  all  the  condi- 
tions that  can  possibly  affect  the  designing  of  a  structure  cannot  well 
be  over-estimated.  Too  often  designs  are  made  from  insufficient  data, 
with  the  result  that  changes  in  plans  become  necessary  as  the  work  pro- 
gresses; and  such  changes  are  very  expensive  in  many  ways. 

First.    They  cause  delay — and  time  is  money. 

Second.  They  involve  the  discarding  of  work  already  done,  and  that 
work  costs  money. 

Third.  Modifications  in  construction  are  costly,  per  se,  for  remodel- 
ing is  slow  and  expensive  work. 

Fourth.  Notwithstanding  the  fact  that  the  specifications  and  con- 
tract usually  provide  for  the  contingency  of  making  changes  and  deter- 
mine upon  a  method  of  pa3anent  for  them,  nevertheless  it  is  true  that 
alterations  of  every  kind  are  nearly  always  a  source  of  unusually  large 
profit  to  the  contractor.  One  reason  for  this  is  that  changes  are  a  legit- 
imate excuse  for  delay,  and  as  the  company  is  generally  in  a  hurry  for 
its  structure  the  contractor  has  to  be  persuaded  to  make  special  effort 
to  hasten  completion.  The  most  common  means  of  persuasion  is  offering 
additional  compensation. 

Fifth.  The  making  of  important  changes  in  the  plans  is  a  good  and 
sufficient  reason  for  either  extending  the  time  set  for  completion  or  for 
cancelling  entirely  the  clause  in  the  contract  relating  to  that  subject. 
In  dealing  with  the  contractor  concerning  modifications  in  plans  and 
construction,  it  is  always  best  to  have  made  and  signed  a  supplementary 
contract  covering  in  detail  not  only  the  changes  themselves  but  also  the 
extent  to  which  they  shall  affect  the  time  of  completion  of  structure. 

Sixth.  But,  worst  of  all,  it  is  held  by  many  lawyers  that  any  funda- 
mental change  in  the  work  will  render  the  bond  null  and  void;  conse- 
quently, if  this  view  be  correct,  in  case  that  the  contractor  throws  up 
the  contract  the  company  will  have  no  redress,  but  will  have  to  take 
his  plant,  pay  all  of  his  outstanding  bills  for  labor  and  materials,  and 
complete 'the  construction  by  either  administration  or  the  letting  of  a  new 
contract.  In  effecting  a  final  settlement  with  the  contractor  by  legal 
process  the  fact  that  changes  in  the  construction  were  made  by  the  com- 
PMiy  will  generally  militate  heavily  against  the  latter,  especially  if  the 
trial  be  by  jury — ^that  relic  of  barbarism  which  enlightened  nations  seem 
unable  to  cast  aside. 

lOSl 
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In  view  of  all  these  objections  to  changes  being  made  in  plans  after 
the  contract  is  let,  is  it  not  evident  that  any  money  spent  legitimately 
upon  the  preliminary  investigations  is  money  well  expended?  Neverthe- 
less, one  of  the  most  difficult  tasks  that  the  consulting  engineer  encounters 
is  the  persuading  of  his  clients  to  provide  the  necessary  money  for  such 
preUmmary  mvestigations.  Under  ordmary  conditions  one  should  be  able 
to  prove  convincingly  the  necessity  of  making  sufficient  borings  to  deter- 
mine beyond  the  peradventure  of  a  doubt  the  location  of  bed-rock  and 
the  character  of  the  overlying  soil,  or  the  desirability  of  surveys  or  other 
investigations  to  find  the  greatest  volume  of  water  that  will  pass  the 
cross-section  in  a  given  time;  but  when  it  comes  to  unusual  conditions, 
such  as  the  inception  of  work  of  a  novel  character,  it  is  hard  to  persuade 
the  promoter  that  it  is  advisable  to  spend  money  to  learn  how  best  to 
design  and  construct  the  work,  for  he  thinks  that  the  engineer  ought  to 
know  such  things  without  investigating;  and  it  is  not  unusual  for  a  pro- 
moter to  remark  to  the  consulting  engineer,  "I  am  paying  you  a  big  fee 
for  your  special  knowledge,  and,  in  addition,  you  want  me  to  spend  a  lot 
of  money  to  teach  you  things  that  you  ought  to  know  but  don't."  On 
one  occasion  the  author  nearly  lost  the  engineering  on  some  four  million 
doUars'  worth  of  elevated  raikoad  work  by  requesting  permission  from 
the  President  to  spend  three  or  four  thousand  dollars  on  some  special 
studies  and  estimates.  The  result  of  the  expenditure,  however,  was  the 
immediate  saving  of  more  than  one  hundred  and  fifty  thousand  dollars. 

In  order  to  facilitate  the  professional  work  of  his  firm  the  author  some 
years  ago  prepared  a  little  pamphlet  for  distribution  to  clients  and  to 
those  who  request  information  concerning  the  cost  of  bridges.  It  is 
entitled  "List  of  Data  Required  for  the  Proper  Designing  of  Railroad 
Bridges  and  Trestles,''  and  is  reproduced  here  verbatim,  including  the 
prefatory  remarks. 

''The  following  lists  of  data  required  to  make  the  best  and  most  economic  designs 
for  railway  bridges  and  other  structures  have  been  prepared  by  us  to  submit  to  our 
clients  in  various  countries,  spaces  being  left  for  writing  in  the  information.  For  any 
particular  crossing,  of  course,  it  is  not  necessary  to  collect  all  the  data  called  for  on  the 
list;  but  the  more  preliminary  information  concerning  the  conditions  that  is  secured,  the 
more  perfect  and  economical  will  be  the  design  made. 

"The  objection  is  sometimes  raised  that  the  collection  of  so  much  information  is 
expensive.   It  certainly  is;  nevertheless  it  is  in  every  way  compatible  with  true  economy. 

"The  collection  of  the  data  can  either  be  done  by  the  railroad  company  through  its 
engineers,  or  it  can  be  entrusted  entirely  to  the  bridge  specialist  who  is  to  prepare  the 
plans  and  specifications.  For  large  bridges  and  for  a  group  of  small  ones  it  is  best  to  let 
the  specialist  do  this  preliminary  work;  but  for  a  small  bridge  or  two  only,  it  will  generally 
be  advisable  on  the  score  of  economy  to  have  the  railroad  engineers  collect  the  data. 
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"Ist.    Profile  of  crossing  on  which  should  be  located  the  following:   (Elevations  can  be 

.written  in  below,  calling  the  elevation  of  base  of  rail  at  mid-length  one  thousand.) 

a.    High  water  mark  (extreme) 
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b.    Low  water  mark  (extreme) 

c    Bottom  of  chamiel  or  mud  line 

<L    Bed-rock,  if  any,  with  overlying  strata.     (Describe  fully  the  soil,  and  give 
approximately    its   bearing    capacity) '. 


e.    Grade  line  on  structure,  i.  e.,  the  elevations  of  base  of  rail.    If  structure 
is  to  be  on  curve,  indicate  the  compensation,  if  any 


f.    Kinds  of  approaches,  whether  of  steel  viaduct,  earth  embankment,  or 
timber  trestle 

Profile  should  be  made  to  scale,  and   the  scale  of  drawing  should  be  indi- 
cated thereon. 
2nd.     Any  restrictions  that  there  may  be  concerning  the  foUowing: 

a.     Location  of  piers 


b.    Lengths  of  spans 


c.    Overhead  clearance  beneath  structure. 


d.    Shore  protection 


e.    Channel  booms  or  guides 


3nL      Clearance  between  trusses,  number  of  tracks  structure    is  to  carry,  distance 
from  centre  to  centre  of  same,  and  gauge  of  railroad 


4th.      Vertical  clearance  above  base  of  rail,  also  horizontal  clearances  near  the  deck. .  . 

5th.  Style  of  floor,  whether  of  timber  ties,  ballast,  or  sohd  steel.  Is  the  structure  to 
provide  for  highway  traffic;  and,  if  so,  of  what  kinds?  How  many  lines  of 
stringers  per  track  are  to  be  adopted?  Make  sketch  of  floor,  and  give  sections, 
locations,  and  heights  of  track  rails  and  guard  rails.  State  whether  snow 
plows  are  used  on  the  road.  Is  the  floor  timber  to  be  creosoted  or  otherwise 
treated? 
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6th.      Widths  of  sidewalks,  if  any  are  required 

7th.      Live  loads  for  spans. 

a.    Maximum  weight  of  engine  and  tender;  make  sketch  showing  wheel 
spacing  and  load  on  each  axle,  or  else  adopt  some  standard  loading. 


b.  Maximum  wei^t  of  cars  fully  loaded  and  wheel  base  of  the  same;  also 
wei^t  per  foot  of  loaded  cars 

c.  Hi^way  live  loads,  if  any.     (Preferably  adopt  one  or  more  of  those 
given  in  some  standard  specification) 


8th.    State  whether  stream  is  navigable,  and,  if  so,  what  clear  height  will  be  required 
beneath  structiure;   also  what  clear  distances  will  be  required  between  piers? 


9th.    Is  stream  subject  to  sudden  rises  and  rapid  currents,  and  at  what  seasons  of  the 
year? 

10th.    Does  stream  carry  much  drift? 

• •.•.••.....*....•••...•.... 

11th.    Is  there  any  danger  of  the  channel  changing?    State  fully  the  liability  to  scour . . . 


12th.    State  the  cost  in  U.  S.  gold  dollars  of  the  following  delivered  at  bridge  site: 

a.  Portland  cement,  per  bbl 

b.  Broken  stone  and  gravel,  per  cu.  yd 

0.    First-class  masonry  stone,  per  cu.  yd 

d.  Sand  (clean,  sharp,  and  coarse),  per  cu.  yd 

e.  Transferring  steel  work  from  cars  or  vessel  to  bridge  site,  per  lb 

f.  Timber  for  flooring,  per  M.  ft.  B.  M 

g.  Timber  for  falsework,  per  M.  ft.  B.  M 

h.  Piles  for  falsework,  per  Un.  ft 

i.  Labor  per  day 

j.  Treatment  of  timber,  per  M.  ft.  B.  M 

13th.  Map  showing  location  of  bridge,  including  stream  for  at  least  half  a  mile  each 
way  from  bridge  site.  (For  imimportant  streams  and  those  not  navigable  this 
will  not  be  required.)     Give  scale  of  map 


•  •  •• 
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14tL  Is  structure  on  tangent  or  curve?  If  on  curve,  give  degree  of  curvature,  or 
angles  of  skew,  and  show  same  on  m^.  Is  curve  to  be  eased?  Show  beginning 
and  end  (rf  curve 


15tL  Is  structure  square  or  on  a  skew?  If  the  latter,  give  angle  of  skew  and  make  a 
sketch 

liSth.  Area  drained  by  opening,  if  it  has  been  measured  or  estimated,  together  with 
sach  a  description  of  the  watershed  as  will  enable  one  to  determine  what  con- 
stants to  use  in  the  formuke  for  flow.  Instead  of  this  may  be  given  the  measured 
or  estimated  cross-section  and  velocities  of  stream  at  high  wat^ 


17th.   When  the  stream  is  navigable  and  a  low  bridge  is  required,  some  style  of  movable 

qMm  must  be  used;  hence,  to  aid  in  selecting  the  proper  type  of  structure, 

please  answer  the  following: 

a.    Will  a  centre  pivot  pier  be  permissible,  and,  if  so,  what  clearances  will  be 

required  between  it  and  the  two  end  piers? 


b.  If  a  centre  pivot  pier  cannot  be  used,  what  dear  waterway  will  be  re- 
quired between  end  piers  of  lift-bridge,  measuring  at  rig^t  angles  to  the 
direction  of  the  channel? 

e.    What  dear  height  will  be  required  beneath  structure  for  the  passage  of 

d.  State  minimum  time  in  which  it  will  be  necessary  to  open  draw  span  or 
raise  lift  span  to  full  height 

e.  Will  electricity  for  operating  the  span  be  obtainable  from  any  existing 
plants  at  a  reasonable  price? 

f.  About  what  would  be  the  probable  maximum  number  of  times  the  span 
would  have  to  be  opened  or  raised  in  24  hours? 

g.  Dock  lines  should  be  indicated  clearly  on  both  the  plan  and  the  profile, 
also  the  exact  angles  they  make  with  the  centre  line  of  bridge  and  with 
the  cfflitre  line  of  clear  channd  required 


^  Any  other  data  not  herein  mentioned,  which  may  prove  useful  in  making  the 
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Ist.  Profile  on  centre  line  of  structure,  on  which  should  be  indicated  the  following: 
(Elevations  can  be  written  in  below,  calling  the  elevation  of  base  of  rail  at  mid- 
length  one  thousand.) 

a.  Ground  line 

b.  Bed-rock,   if  any,  with  overlying  strata.     (Describe  fully  the  soil  and 
give  approximately  its  bearing  capacity) 


c.     Grade  line  on  structure  or  required  elevations  of  base  of  raU.     If  struc- 
ture is  to  be  on  curve,  indicate  the  compensation,  if  any 


d.  Kinds  of  approaches 

e.  Cross-sections  of  ground  every  30  feet  or  40  feet,  extending  at  least  30 
feet  on  each  side  of  centre  line  of  structure,  and,  on  irregular  ground,  a 
contour  map  with  horizontal  sections  from  two  (2)  to  five  (5)  feet  apart 
vertically 


•  ■ 


f .    Hi^  water  mai  k,  if  any 

Profile  should  be  made  to  scale,  and  the  scale  of  drawing  should  be  indicated 
thereon. 
2nd.      Any  restrictions  that  there  may  be  concerning  the  following: 

a.    Location  of  pedestals  and  abutments 


b.    Lengths  of  spans 


c.    Overhead  clearance  beneath  structure, 


d.  May  longitudinal  bracing  be  used,  and,  if  so,  \^4th  what  restrictions? .... 

e.  Is  it  permissible  to  carry  the  transverse  sway-bracing  to  the  ground,  or 
must  an  imobstructed  space  be  left  longitudinally  beneath  the  structure? 

3d.        Number  and  spacing  of  tracks  and  gauge  of  railroad.     State  whether  structure 
is  to  carry  also  highway  traffic,  and,  if  so,  what  kinds 


4th.      Style  of  floor,  whether  of  timber,  reinforced  concrete,  buckled  plate,  or  asphal- 
turn  and  concrete  on  buckled  plate.     Make  sketch  of  floor 


6th.      Widths-  of  sidewalks,  if  any  be  required 
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6th.      Live  load.     (See  Bridges.) 

7th.      State  fully  the  co6t  in  U.  S.  gold  dollars  of  the  following  at  site:     (See  Bridges.) 

Sth.  Plan  of  crossing  showing  degrees  of  curvature,  if  any,  angles  of  skew,  easements, 
points  of  curve,  etc. 

9th.  If  in  a  city  or  town,  show  streets,  allejrs,  building  lines,  curbs,  etc.,  crossed  or 
affected  in  any  way  by  the  structure;  and  show  where  columns  are  to  be  located, 
whether  in  street  or  on  sidewalks  near  curbs,  giving  exact  locations  for  all  special 
cases 


10th.    If  any  tracks  or  other  obstacles  are  to  be  spanned,  locate  them  exactly  and  give 
clearances  required,  both  vertical  and  horizontal 


llih.    Indicate  on  profile  and  plan  where  steel  trestle  is  to  begin  and  end . 


12th.    Any  other  data  not  herein  mentioned,  which  may  prove  useful  in  making  the 
design'' 


Captious  readers  of  this  chapter  may  make  the  comment  that  the 
preceding  lists  are  altogether  too  detailed  for  the  purpose  of  designing 
bridges,  for  while  such  minor  matters  as  the  cost  of  cement,  sand,  gravel, 
stone,  hauling,  etc.,  would  certainly  affect  the  total  cost  of  a  structure, 
they  cannot  influence  its  design.  To  such  readers  the  author  would 
state  that  in  certain  cases  even  such  a  small  thing  as  the  cost  per  barrel 
of  cement  at  site  would  change  the  layout  of  spans  from  that  which  would 
ordinarily  be  adopted.  For  instance,  in  one  of  his  bridges  the  cement 
at  site  was  worth  eighteen  dollars  per  barrel.  Is  it  not  evident  that  for 
such  a  location  the  quantity  of  concrete  used  should  be  reduced  to  a 
minimum  and  that  cut  stone  masonry  should  be  adopted  instead?  Again, 
in  building  bridges  in  moimtainous  districts,  the  metal  work  for  the  super- 
structure has  sometimes  had  to  be  carried  or  dragged  from  the  railroad 
or  seaport  by  burros.  Would  not  this  circumstance  affect  greatly  the 
designing  of  the  individual  members  of  the  superstructure?  In  collect- 
ing data  for  the  designing  of  bridges  no  condition  is  too  trivial  or  too 
unimportant  to  be  worthy  of  noting,  and  the  important  conditions  should 
always  be  investigated  with  the  utmost  thoroughness,  regardless  of  how 
much  the  investigation  may  cost. 


CHAPTER  XLVII 

LOCATING  OF  BRIDGES  AND  PBELDCINART  SURVETS 

For  small  bridges  and  culverts,  the  location  is  determined  by  the  align- 
ment of  the  road.  Usually  this  is  fixed  by  conditions  which  are  beyond 
the  influence  of  the  needs  of  the  smaller  crossings;  and  hence  it  governs 
their  location  largely,  if  not  entirely.  But  where  the  crossing  is  of  suf- 
ficient magnitude  and  importance  to  influence  the  location  of  the  line, 
a  careful  study  of  the  physical  conditions  by  a  reconnaissance  covering 
a  number  of  possible  sites  should  be  made,  in  order  to  secure  the  best 
and  most  economical  crossing  possible.  That  layout  should  be  selected 
which  is  the  best  in  respect  to  the  following  particulars: 

1.  Permanency  of  channel. 

2.  Narrowness  of  channel. 

3.  Large  average  depth  of  water  relative  to  the  maximum  depth. 

4.  Straight  reach  of  river  for  several  miles,  especially  if  draw-spans 
are  contemplated  in  the  layout. 

5.  Freedom  from  islands  or  other  obstructions  that  might  disturb  or 
deflect  the  current. 

6.  Remoteness  from  sharp  bends. 

7.  Presence  of  high  banks. 

8.  Possibility  of  crossing  at  right  angles  to  axis  of  stream. 

9.  Absence  of  curves  in  both  approaches  to  the  bridge  or  upon  the 
structure  itself. 

10.  Absence  of  sag  in  grade  on  structure. 

11.  £k;onomy,  which  involves  the  following  considerations,  in  addition 
to  those  already  given, 

a.  Depths  of  pier  foundations. 

6.  Materials  to  be  excavated  for  substructure. 

c.  Quality  of  the  foundation  material. 

d.  Force  of  current  during  high  water. 

e.  Height  of  piers. 

/.  Cost  of  protection  work  and  of  its  maintenance. 

One  of  the  most  important  features  affecting  the  layout  of  a  bridge 
is  the  permanency  of  channel.  With  a  shifting  channel  a  longer  bridge 
must  be  provided  to  meet  the  vagaries  of  the  river,  and  sometimes  it  is 
necessary  to  construct  two  draw  spans  in  order  to  meet  navigation  re- 
quirements. Examples  of  this  ease  are  the  author's  bridges  over  the 
Missouri  River  at  Sioux  City  and  East  Omaha.    A  better  appreciation 
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of  the  conditions  which  promote  permanency  of  channel  will  follow  from 
the  study  of  the  general  action  of  rivers.  This  is  essentially  a  considera- 
tion of  the  contmuous  readjustment  between  two  contending  factors  in  an 
^ort  to  bring  about  an  equilibrium — ^the  water  seeking  a  lower  level 
and  the  resistance  set  up  by  the  soil  tending  to  retard  its  motion.  A 
river  receives  the  nm-off  from  a  definite,  fixed  drainage  basin.  This 
run-off  in  seeking  a  lower  level  follows  the  line  of  steepest  declivity,  and 
usually  sets  up  such  a  velocity  that  scour  results.  The  softer  the  material 
forming  the  channel,  the  more  readily  will  scotir  occtir.  This  scouring 
action  forms  bends  in  the  channel  which  become  accentuated  until  suf- 
ficient additional  length  has  been  introduced  to  decrease  the  slope  to  such 
an  extent  that  the  resulting  velocity  will  no  longer  produce  scour.  The 
stream  has  then  attained,  for  the  time  being,  a  condition  of  equilibrium 
or  fixed  r^imen  for  a  particular  rate  of  discharge  during  which  neither 
scouring  nor  silting  takes  place.  It  has  been  found  from  observations 
made  on  the  rivers  of  India  that  for  any  section  of  channel  and  character 
of  silt  the  critical  velocity  (at  which  neither  scouring  nor  silting  takes 
place)  depends  upon  the  depth  and  is  given  by  the  equation, 

where  r,  =  the  critical  velocity  in  feet  per  second, 
d  ^  depth  of  channel  in  feet, 

and      m  ^  a  coefl&cient  having  values  as  follows: 

Light  sandy  silt 0.82 

Coarser  but  light  sandy  silt 0.90 

Sandy  loam 0.99 

CJoarse  silt,  such  as  debris  of  hard  soils 1.07 

But  the  run-off  from  the  catchment  area  varies  from  time  to  time 
and  a  new  velocity  is  produced,  disturbing  the  pre-existing  regimen;  and 
then  scouring  or  silting  results  until  another  approach  is  made  toward 
equilibrium.  The  river,  as  a  matter  of  fact,  is  in  a  constant  state  of  re- 
adjustment, oscillating  back  and  forth  between  a  preponderance  of  scour- 
ing and  of  silting.  It  is  true  that  these  two  actions  go  on  simultaneously 
*m  different  parts  of  the  river,  owing  to  whirls  and  cross  ciurents.  For 
example,  the  concave  sides  of  the  bends  are  being  eroded,  while  the  con- 
vex sides  are  being  filled.  Unless  the  banks  of  the  stream  are  sufficiently 
stable  to  resist  this  scouring  action,  no  permanency  of  channel  can  be 
expected  without  resorting  to  protection.  In  case  of  rivers  the  channels 
of  which  lie  in  flood  plains  of  alluvial  deposits  flanked  by  bluffs  of  hard 
and  more  stable  formations,  such  as  the  Missouri  for  example,  the  ten- 
dency is  for  the  stream  to  oscillate  from  bluff  to  bluff,  forming  a  series 
of  bends,  which  exhibit  a  general,  progressive  shifting  of  channel  location 
down  the  valley.  Without  protection  works  sufficient  to  fix  the  channel, 
it  b  a  foregone  conclusion  that  any  bridge  location  on  such  a  stream  will 
sooner  or  later  be  menaced  by  this  progressive  down-stream  movement. 
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Bjemabeaa^  bom  isharp  bends,  especially  above  the  bridge 
adNrantageous,  because  the  erosive  action  of  the  ciurent  at  such 
roeetviDg  as  they  do  the  full  impact  of  the  water,  is  egcoeaBiTO. 
ll  idivagrs  in  rivem  mth  alluvial  flood  plains  the  danger  that  tfa» 
^ilfii  cut  in  behind  the  bridge,  unless  effective  protection  work  isi 
The  soundness  of  this  statonent  is  well  illustrated  by  the 
has  been  experienced  in  protecting  the  raihoad  bridge  across 
SOUR  Biver  near  Blair,  Nebraska.  That  structure  is  located 
mUe  below  a  sharp,  right-angled  bend  in  the  river,  which  bend,  i 
is  only  two  miles  down  stream  from  a  still  sharper  bend  in  the 
direction.  The  river  has  rq)eatedly  tried  to  cut  across  and 
prevented  frcmi  so  doing  only  by  extensive  bank  protection.  AH 
trated  description  of  this  protection  work  b  given  in  the  E\ 
Record  for  March  2,  1912.  Both  bends  had  to  be  revetted  on 
cave  side  to  hold  the  river  in  check.  Since  1882,  when  the  bri 
was  started,  over  $1,425,000  have  been  spent  in  protection  for  tfaip 
ture,  an  average  of  $44,530  per  annum.  1 

The  presence  of  high  banks  is  desirable,  as  they  reduce  the 
the  approaches  and  also  better  confine  the  floods  to  the  main 

It  19  always  best  to  cross  the  stream  as  nearly  at  right  anj^ 
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able.  Any  departure  from  a  right-angled  crossing  means  a  longer  bridge 
and  also  skewed  spans  and  longer  piers,  all  of  which  features  involve  in- 
creased expense.  In  most  cases,  especially  when  the  current  is  swift  or 
the  river  is  navigable,  the  piers  should  be  set  parallel  to  the  direction  of 
flow  in  the  main  channel,  as  they  will  then  present  less  obstruction  to 
the  stream  and  to  navigation,  and  as  they  will  receive  less  pressure  from 
the  impingmg  water  and  will  catch  less  drift. 

If  possible,  the  bridge  should  be  so  located,  or  the  line  should  be  so 
shifted,  that  the  structure  will  be  approached  on  tangents  and  not  on 
curves.  This  will  afford  the  trainmen  the  opportunity  to  see  if  the  track 
is  clear  before  reaching  the  structure,  and  will  reduce  the  danger  of  derail- 
ment thereon  to  a  minimum. 

Another  condition  to  be  avoided  is  the  location  of  a  bridge  at  a  sag 
in  the  grade,  for  such  a  sag  would  produce  a  change  in  direction  of  the 
moving  mass  as  the  train  comes  on,  and  would  thus  cause  an  increased 
load  effect  upon  the  structure.  Also,  it  gives  to  the  bridge  an  objection- 
able appearance. 

The  restrictions  previously  given  and  others  established  by  the  War 
Department  (see  Chapter  L)  will  affect  the  economy  of  the  structure. 

In  any  event  it  will  be  necessary  to  determine  the  actual  physical 
conditions  by  a  preliminary  survey.  An  alignment  map  and  profile  of 
the  road  for  the  crossing  and  for  some  distance  on  each  side  thereof  should 
be  obtained  from  the  Railroad  Company.  If  not  obtainable,  a  prelim- 
inary survey  should  include  the  collection  of  that  information.  From 
such  a  map  and  profile  it  can  readily  be  seen  whether  any  modification 
in  grade  or  alignment  could  advantageously  be  made. 

If  such  modifications  in  the  road  can  be  effected,  a  stadia  survey  of 
the  stream  meanders  should  be  made,  tying  it  in  with  the  former  bridge 
location  and  covering  such  a  stretch  of  the  river  as  a  reconnaissance  shows 
to  be  desirable.  This  information  when  plotted  in  conjunction  with  the 
previous  alignment  vnll  show  whether  a  better  bridge  site  is  obtainable 
than  the  one  first  contemplated.  In  making  a  selection  of  a  site,  due 
regard  must  be  paid  to  the  cost  of  modifying  the  aUgnment  of  track  as 
well  as  to  the  previously  enumerated  conditions  for  best  bridge  location. 
A  selection  having  been  made,  the  profile  of  the  crossing  can  be  run  and 
soundings  taken  above  and  below  it  so  as  to  show  the  topography  of 
the  stream-bed.  At  each  end  thereof  the  profile  of  the  crossing  should 
extend  well  back  from  the  stream  so  as  to  include  the  entire  space  between 
extreme  flood  lines.  With  these  data  and  with  borings  showing  the  ma- 
terial of  the  river  bed  and  of  the  strata  below,  a  tentative  layout  of  struc- 
ture may  be  made  and  the  sufficiency  of  waterway  tested,  as  per  the 
directions  given  in  Chapter  XLIX.  This  preliminary  survey  should  also 
include  elevations  and  positions  of  high-water  marks  along  the  reach  of 
the  river  considered;  it  should  develop  evidence  of  scour,  if  any;  and 
it  should  determine  the  nature  of  the  material  composing  the  stream- 
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banks  and  flood  plain,  the  character  of  the  vegetation,  the  kinds  and 
quality  of  the  timber,  the  proportion  of  cleared  or  cultivated  land,  and 
the  location  of  buildings  and  fence  lines. 

To  decide  upon  the  very  best  of  several  possible  bridge  locations, 
it  is  often  necessary  to  make  a  number  of  ccxnplete  estimates  of  cost 
not  only  of  the  bridge  itself  and  its  approaches,  but  also  of  the  road  for 
quite  a  distance  from  each  end  of  the  structure  and  extending  to  points 
that  are  conmion  to  all  the  layouts  under  comparison.  GeneraUy  speak- 
ing, the  least  expensive  of  these  is  the  one  to  adopt;  but  sometimes  there 
are  differences  in  the  profile  elevations  which  are  of  sufficient  importance 
to  influence  the  final  choice  of  location  by  bringing  into  consideration,  the 
cost  of  operation  and  maintenance.  A  good  bridge  engineer  will  never 
permit  himself  to  economize  on  time,  labor,  or  expense  when  endeavoring 
to  determine  the  economics  of  such  an  important  problem  as  the  best 
possible  location  for  a  costly  structure. 
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to  the  surface  by  means  of  a  strong  jet  of  water  issuing  from  the  drill 
point  while  it  is  at  the  bottom  of  the  hole.  This  flow  of  water  is  supplieq 
by  a  force  pump  and  is  transmitted  to  the  drill  point  through  the  smal) 
pipe  to  which  the  said  drill  point  is  attached.  From  these  washings^ 
their  depths,  and  the  "feel  of  the  drill,"  the  engineer  must  form  an  opim 
ion  as  to  the  kind  of  material  passed  through  and  its  bearing  cai>acit3^ 
so  as  to  decide  upon  where  to  rest  the  piers.  This  method  is  availabk 
for  silt,  sand,  clay  soils,  shale,  and,  to  a  limited  extent,  rock. 

Another  method  of  underground  exploration  is  that  of  "core  drilling.'^ 
In  this  the  drill  is  constructed  so  that  its  rotation  cuts  out  a  cylindricai 
core  extending  upward  inside  the  drill  point  and  into  the  space  withiii 
the  churning  pipe.  This  core  is  broken  oflf  at  various  times  and  brought 
to  the  surface,  then  it  is  taken  out  of  the  pipe  and  kept  for  future  inspecJ 
tion  and  testing.  This  method  permits  of  the  engineer's  seeing  the  va^ 
rious  materials  as  they  actually  occur  and  in  large  enough  pieces  to  judg^ 
of  their  characteristics  and  to  make  tests  upon  them,  if  so  desired.  H 
gives  positive  results  and  is  best  suited  for  the  harder  shales,  sandstones^ 
limestones,  and  granite  formations.  The  overlying  softer  materials  aw 
usually  penetrated  by  the  wash  boring  process  before  the  core  drill  h 
started. 

After  a  hard  stratum  is  discovered,  it  is  desirable  to  penetrate  it  sevi 
eral  feet  so  as  to  make  sure  that  it  has  the  requisite  thickness  for  dis- 
tributing the  load  from  the  pier,  and  that  it  is  not  merely  a  boulder.  Ii 
limestone  and  sandstone  formations  there  is  always  the  possibility  d 
striking  subterranean  caverns  or  overhanging  cliffs  due  to  former  erosion^ 
in  the  earlier  geological  periods.  To  develop  the  presence  or  the  absence 
of  such  underground  caverns  or  cliffs,  the  drill  should  be  shifted  severd 
feet  sideways  and  another  hole  put  down.  A  single  boring  at  a  pier  sit^ 
is  not  altogether  conclusive.  The  author  has  often  put  down  four  hol« 
for  a  single  pier,  one  at  each  comer,  but  generally  one  hole  per  pier  wil 
suffice — or  less  for  a  wide  crossing,  if  the  conditions  of  the  river  bed  b^ 
very  uniform  in  respect  to  character  of  materials. 

The  equipment  needed  for  making  wash-borings  consists  of  a  two  an<j 
a  half  inch  pipe  for  casing  and  a  one  inch  pipe  for  drill  rod,  both  cut  int^ 
eight-foot  lengths  for  convenience  in  handling;  several  different  kinds  oi 
drill  points;  a  three-legged  derrick  or  tripod  with  a  pulley  attached  a1 
the  top  for  passing  the  rope  that  operates  the  drill;  and  a  pump  with  t 
small  hose  to  connect  with  the  drill  rod  so  as  to  supply  the  water  needec 
for  bringing  the  washings  to  the  top  of  the  casing.  At  the  lower  end 
of  the  rod  a  drill  point  is  attached.  The  best  drill  point  for  all-arounc 
work  has  two  cutting  edges  arranged  in  the  shape  of  a  cross.  Thes< 
crossed  edges  of  the  bit  break  any  pebbles  that  come  into  the  hole  ajic 
do  not  allow  them  to  ascend  with  the  water  and  to  jam  the  drill  pip< 
against  the  casing.  This  drill  point  has  holes  in  the  sides  from  whicl 
the  water  flows,  as,  in  fact,  do  most  of  the  other  types  of  drill  points  em^ 
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IBliM  and  ^  ku  bit. 

S  (Sbopiiing  asB. 
1  BeDeir  driver,  6  in. 

ITtiangukr  file,  12  in.,  F.  M.  ft  Co.  Catalogue  No.  60»  Fl|^ 
paceS20. 

1  Mill  bastard  file,  12  in.,  F.  M.  *  Co.  Catalogue  No.  60^  Fig^ 
i)age520. 

2  Sted  hand  chifiels. 
1  Caulking  iron  for  caulking  barges. 
1  Oil  can  and  oil. 

3  2H  in.  drill  bits,  F.  M.  ft  Co.  Catalogue  No.  60,  Fig.  615,  pai» 
1  2  in.  expansion  bit,  F.  M.  ft  Co.  Catalogue  No.  60,  Ilg.  610, 

354. 

1  Tapw  ti9  for  1  in.  pipe,  F.  M.  ft  Co.  Catalogue  No.  60,  Flg» 
page  354.  F 

4  Drive  heads  for  2^  in.  pipe,  F.  M.  ft  Co.  Catalogue  No,  V^ 
94,  page  352.  ^^ 

2  Forged  steel  shoes  for  2^  in.  pipe,  F.  M.  ft  Co.  Catakigua 
Fig.  421,  page  353. 

3  Drive  rings.    These  will  have  to  be  manufactured  specia^if 
machine  shop. 

H  dozen  1  in.  elbows. 

1  2^  in.  tee.  >    ^ 

^  doaen  hydraulic  recessed  couplings. 


i   v.. 


■"T/*  ■  "->!^  .  ,••  ,•     r,' 


/-t'**/ 


'<iFm%^' 


F*4M» 


V^^*r^-^.^^. 


!^^«^6SiS' 


'■.     ri    r? 


ft- 


*j*i 


'»i^ssi?llrv 


►  -L  >' -^-J 


#j^<^ 


ft< 


r>  j>  ^ 
»'  ft 

■^« 


■•  1.'' 


'.\ 


I^^L;    ^S 


kAOt-:?.A- 


f^J*- 


v^;r^r 


►  ^-rii  j^i1a<.< 


be  tdimi  jiliail(|J^ 

ttheplpe.    floilMvmliM 

loir  eqtiaUiiiig  tihe  pwurfc 
ov«r  the  o«(m  of  the  apeoe 
iMMv  frooi  "vi^iieh  the  diiD  is 
^11  ivffl  be  iieceaMiy  to  tie  to  0(«ie 
ittohofe  upetfeam.     These 
irlth  TNxk  or  ocmcrete  and 
watir.    Ibr  river  work  it  will 
the  boats  to  tiie  anchore.    A 
^ihMld  be  fastened  to  each  anchor 
i%e  float  on  the  surface.    It  will 
nagged  and  have  to  be  tripped, 
of  timber,  each  2"X6"X20' 
l^latfonns  should  be  constructed^ 
second  riz  and  a  half  feet  above 
the  casing, 
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lMibiMdl0il  nd  wed  ovir  memix*    fflhowH 
^ii0SBk^^%^>iinA^M,^iiiB  ihfBTy  it  i8  best  to  wcpf^^^ 

H  aDtfQF  be  neoonary  to  break  q;i  tha, 
pi|i^  af  ^puundto.    Bdoie  pfaieiiig  tfai 
jbp  litUi^hpim         or  laur  feet  ia  ordei^  to  imiid  < 

^  Ivaiyer  is  ^e^^         the  caaing  pipe  4M  be. 
eaqpattnoii  l»t  is  need  io  enlaige  the  hole. 

needed  for  the  cor^-drilling  proeeas  ia  abi^eiltj 
lai^arti  to  tiiat  for  wash  borings.    An  outade  caong  ia  taiMli 
eekteg  la  cbtven  to  bed-rock  and  wadied  clean  infflde  by  meana  of 
pt  before  tiie  core-drill  ia  started.    The  core-drill  bit  is  a  nag, 
m  mie  ^ype  with  Idack  diamonds  txx  the  cutting  agent,  and  inv 
tgrpa  wiOi  chilled  steel  shot.    The  bit  in  dther  case  is  rotated  bgi^^ 
cl  tiie  holloir  rods  to  iM^ch  it  is  attached  and  through  irtik^  i^^ 
oif  HMusc  is  kept  flowing,  esroept  when  going  through  clay  or  aiyfl!^ 
A  eoce  baird  scnae  ten  feet  long  is  provided  above  the  bit. 
stoelndiot  type  no  attempt  is  made  to  wash  the  cuttings  to  tiie 
ciuise  the  required  flow,  of  water  is  so  great  as  to  disturb  the  abot^ 
cuttings  are  carried  into  the  core  chamber  and  brought  to  tiie> 
when  the  c(»e  is  lifted.    With  the  diamond  bit  a  strong  stresm  eC 
is  employed  so  that  the  cuttings  are  lifted  to  the  top,  otherwlit 
would  wedge  about  the  drill  and  finally  stop  it.    This  stream  aenieif 
to  ke^  the  bit  cool. 

Dry  corcis  in  clay  and  the  softer  shales  can  be  made  with  a  saWn 
bit.    They  are  desirable  because  they  give  a  more  exact 
the  reostance  of  the  material.    Unless  dry  cores  are  taken,  a 
or  a  shale  suitable  for  a  foundation  mi^t  be  overlooked.    Powers 
quired  to  rotate  the  core-drill.    The  most  usual  difficulty 
with  c6re-drilling  operations  is  the  sticking  of  the  bit  in  the  hcde»^H^ 
is  iqpt  to  happen  in  soft  and  caving  rock,  and  it  is  sometimes 
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t  jjpitvideiit.    If  the  charaetanrf 

b0kimtk  aie  derired,  ttie  c(»e- 

4ndttM^^f  mmdi  borings  is  to 

iBfiofnttA&tedy  eq>eeiaUy  with  a 

1»  dinolved  and  carried  oflF. 

aa  eand,  and  sand  to  appear  as 
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ildf  itoch  with  different  localities 

^giSQDling  all  the  data  that  enter 

^eibea  to  obtain  detailed  infonna- 

Urall  to  oonsult  the  standard  hand- 

melhod  is  the  most  expensive, 

>^lba  auger  method  is  the  cheapest. 

eH  a  great  many  cases  is  such 
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iiiiftil  to  aoBie  4Sf  hiA  leftdiBnL  ths  ftnthiMr 
i^iiilUoMKiBleil  iofrtrofitioiM  that  hki  &m  luisMiei 


;««f  |#  j^^  IxviiiBi  lie  to  be 

li^ijfitk  dmqgea.    In  eaaea  where  the  boriii0i  aie  to  go 
pl^Jlhill  A>  or  fiO  ft,  tt  ia  bert  to  get  the  extra  heavy  pqiei 
^   jmh^  ifimi  htilf  ibmh  <"*^  gne  tii<tfi  stMs:  but  hi  afaallow  bon 
ISiikttBMB  foc^'two  juMi  ooA-hsIi :  and  oos  iocb  pvwi 
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^'i'y!k^9tl(t:^^$^^  tiie  pq>e  ia  purohaaed  m  Eaiiaaa  CStyi 

^    itt^         2)^  hL  and  120  ft,  of  1  m.  pipea  should  be  shipped.    TtM 
^•''^^^  one  river  eroanng,  providiiig  it  can  be  pulled  ai^ 

%^::'^^^m^^^        finidiedi  and  ao  uaed  repeatedly.    Hie  eaaiiig  j^  ei| 
l^^/fill^^  .be.,puflBd  out  whea  makiiig  b(Hringp9  on  land,  but  iriaMI 

i^ila  a  gwA  P«Mti»timi  it  ia  a  difficult  matter  to  pull  ppe  from  aoonih. 
Ili^  i|i^  eaaea  a  jM^  of  ^jrnamite  lowered  on  the  inside  ao  aa  ti 

liwk  off  the  pipe  at  or  bdow  the  bottom  of  the  river  will  be  the  easjeg 
na^^^f^Bfftik'mn^  to  get  rid  of  it.  The  pipe  above  the  ground  hne  caa  tii 
iive^  and  poasibiy  some  more.  .»: 

r    ^'It  ia  advisable  and  will  save  a  great  deal  of  hard  labor  to  have 
pi^  boflh  2H  ii^  ei^  1  ii^f  cut  in  lengths  of  about  8  ft.;  but  two 
of  16  or  18  ft.  of  the  2^  in.  pipe  can  be  shipped  without  being  coti 
pieeea  of  pipe  are  to  be  threaded  on  both  mds.    The  threada  muili^ 
deep  enough  so  that  the  ends  dl  the  pipe  will  come  in  ccmtactin  a 
This  appUea  both  to  the  1  in.  and  the  2^  in.  pipes.    A  coufdiog 
long  hydraulic)  should  be  put  on  one  end  of  each  pipe,  and  a  doaen^ 
liogi  f or  2^  in.  pipe  and  another  doaen  for  1  in.  pipe  should  be 
extra. 

'^  Drive  cap8|  Ilg.  94  of  Fairi>anks,  Morse  A  Co.'s  CataloguOy  oaa^ 
used  only  for  light  driving.    As  furnished,  they  are  not  compiela 
our  method  of  work;  and  a  hole  l/{6  in.  in  diameter  must  be  drilleil 
tieally  through  the  cap.    For  deep  borings  the  steel  drive  heada^: 
aa  shown  in  Fig.  iSa,  are  required;  and  they  have  to  be  made 
in  a  machine  shop. 

''Care  should  be  taken  to  see  that  the  drills  fit  the  casing  pipe, jp|^ 
may  be  hard  to  get  them  ground  down  in  the  field  if  too  large; . 
too  small  they  will  not  work  well. 

''Use  the  hydraulic  recessed  couplings  for  fastening  the  drive 
to  the  casing  pipe  and  to  the  ram,  and  be  sure  the  coupling  is 
onto  the  drive  head  and  onto  the  pipe  as  far  as  possible.    This 
the  danger  of  strippmg  the  threads  while  driving. 
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tiiB  pKXMB^^  driving  down 

jnrvai  as  a  guide  for  the  ram. 

Hie  driTing  of  tbe  earing,  a 

tlie  centre  can  be  used  in 

ram.    The  length  dl  this 

than  ^yi  feet. 

tiie  drive  head  is  shown 

removed,  connecti<m  is  made 

in  Fig.  48d,  and  the  material 

to  tile  directions  there  given. 

6  or  8  feet  at  a  time  without 

4801  at  the  conxwction  of  the 

pass  through  it  continuously 

^^Us  is  absolutely  necessary 
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when  drilling  in  rock,  as  it  is  essential  to  keep  continually  turning  the 
pipe  in  order  that  the  drill  may  cut  a  unifonnly  round  hole  and  thus 
elhninate  the  danger  of  its  getting  stuck.    In  soft  material  the  wash 

Note. — The  drill  point  should  always  be 
at  least  3'  0"  above  the  bottom  of  caeinK 
when  driving,  so  that  Band  and  gravel  will 
not  be  forced  up  inside  of  casing  and  bind 
the  drill. 

Coupling  c^  1"  drill  pipe  reeting  on  lower 
drive-hetul  supports  drill  pipe  while  driving 
caaing,  the  two  rings  forming  a  protection  lor 
coupling  as  shown. 

Drive-heads  must  be  screwed  into  coupling 
for  full  length  of  thread. 

The  piece  of  1"  pipe  above  coupling  aervee 

T^     .«<.     T^  ■      r.    ■      I     D    ■  **  *  K"ide  for  the  mm. 

Pio.  486.    Dnving  Caaing  for  Bonngs. 

pipe  will  sink  of  its  own  weight  as  it  washes  out  the  earth  in  the  casing 
pipe,  but  in  hard  material  it  is  necessary  to  riuse  and  drop  it,  using  it 
as  a  drill.     In  such  cases  the  lower  end  of  the  wash  pipe  terminates  in 


Fig.  i&d.     Drillint;  when  Making  Borings. 


Note. — To  optrate  drill,  raise  up  and  let 
fall,  al  the  Himc  time  keeping  a  good  flow 
of  water  pausing  through  pipe. 


'e  or  replace  drive-head. 
raise  up  drill  pine  so  us  I  u  bring  Ihc  drill 
well  up  ubove  the  bottot.i  of  casing,  and 
hold  drill  |)it>u  with  wrench  or  line  until 
the  coupling  is  n:moved  and  drive-bead 
dropped  over  top  of  1 "  pi)>e.  The  coupling 
is  then  to  be  screwed  on  top  of  1"  pii» 
and  allowed  to  drop  down  on  drivc-heiid 
to  support  the  drill  pipe  during  driving. 
Reverse  operation  to  remove  the  drive- 

a  cutter,  having  orifices  through  which  the  water  passes.  For  thb  drill- 
ing it  is  necessary  to  have  a  sheave  and  a  line  passing  to  the  wash  pipe 
to  lift  and  drop  it,  as  shown  in  Fig.  48d. 

"The  material  washed  out  of  the  casing  pipe  must  be  caught  so  that 
its  nature  can  be  determined.    A  record  must  he  kept  of  the  different 
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I  at-a'PoB^  4qitb)  n  mil  ba 

liUHAcMLit  to  rig  op  tbe  ^vorMui 

B  UHlft  be  inifaed  out  to  Um 

r-}iJb.,.toxmt  be  weighted  and 

t  be  pulled  4  (m*  6  ft.  above 

f  luse  or  electric  batteiy 

ufjijt^tba  cunng  pipe  ia  too  deep  to  be 

1  iQUBt  be  ueed  to  pierce  tiie 

Abedcme. 

)}.|tbe  exponaicHi  drill  should  be  used 

|i^  caiuig  pipe  must  be  driven  into 

Pi^sm  of  sand  and  make  the  remun- 

I  lat  diould  be  removed  and  the 

K  it  proves  to  be  hard,  from 

^penetrate;  but  should  it  be  ah^ 

^  mto  from  10  to  12  feet. 
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"It  will  be  necessary  to  work  six  men  on  borings.  These  can  gen- 
erally be  picked  up  in  the  vicinity  of  the  work. 

"The  scaffolding  shown  in  Figs.  486,  48c,  and  4Sd  has  only  one  work- 
ing platform.  It  is  much  more  convenient  and  much  easier  on  the  men 
to  have  at  least  two  working  platforms,  and  the  work  can  be  done  much 
more  quickly.  The  sketch  illustrating  the  barges  in  position  with  scaf- 
fold erected  (Fig.  48/)  shows  a  better  arrangement,  as  it  gives  plenty  of 
working  room  both  for  handling  the  pipes  and  for  driving  the  casing. 

"For  work  in  the  river  it  is  preferable  to  have  two  small  scows  to 
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Ptax  oarhch  os  Mtdtd 
Fio.  4^.    Equipment  Tor  Making  BoriDga  from  Barges. 

work  on,  providing  they  can  be  rented.  If  they  are  not  obtainable,  one 
medium-sized  scow  will  sufKce.  In  case  the  two  small  scows  are  avail- 
able, they  can  be  fastened  together,  and  a  tower  with  suitable  working 
platforms  erected  thereon,  as  shown  by  F^.  4^. 

"In  case  the  two  scows  are  not  available,  the  work  can  be  done  from 
one  scow.  This  can  be  accomplished  with  a  tower  of  the  same  dimen- 
sions resting  on  two  timbers  extending  over  one  end.  They  must  be 
bolted  or  secured  rigidly  to  the  scow  so  that  there  shall  be  no  danger  of 
their  tipping  up.     A  little  less  than  one-half  of  the  tower  can  be  on  the 


"In  case  no  scows  are  available,  it  will  be  necessary  to  build  a  couple 
of  small  ones.  Fig.  48ff  shows  a  very  satisfactory  design.  To  hold  the 
scows  it  will  be  necessary  to  anchor  them  from  each  comer.  Boxes  filled 
with  stone  will  suffice  for  anchorage,  but  the  regular  iron  anchor  will  be 
much  better,  especially  on  a  stream  with  swift  current.  The  anchor 
lines  to  each  anchor  must  be  at  least  150  ft.  long  in  order  bo  get  good 
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used  more  cheaply  than  to  buy  new  pipe.    Sell  the  pipe  if  possible;    if 
unable  to  do  so,  discard  it. 

"Under  special  conditions  it  may  be  more  economical  to  use  a  gaso- 
line engine  to  run  the  pump  and  to  lift  the  drill  pipe  when  drilling  instead 
of  employing  man  power.  A  two-horse-power  engine  will  furnish  ample 
power  to  do  this.  The  engine,  No.  140,  shown  in  Fairbanks-Morse  & 
Company  Catalogue  No.  60,  page  265,  is  suitable  for  this  purpose.  The 
walking  beam  shown  is  not  required,  but  the  pump  can  be  connected 
directly  to  the  pitman  rod  there  indicated.  The  minimimi  stroke  with 
this  engine  (5")  at  the  given  speed  (47  r.p.m.  of  pump  gear)  will  give  too 
much  water,  so  that  it  will  be  necessary  to  shorten  the  stroke  by  con- 
necting the  pitman  rod  to  the  upright  piece  of  the  pump  handle  a  suffi- 
cient distance  above  the  piston  of  the  pump  to  give  the  required  length 
of  stroke.  Probably  a  2"  stroke  will  be  sufficient.  For  lifting  the  drill 
pipe  it  will  be  necessary  to  rig  up  a  spool  on  a  shaft  independent  of  the 
engine,  with  a  pulley  for  a  belt  connection  to  the  pulley  on  the  engine. 
By  taking  a  couple  of  turns  around  this  spool  with  the  Une  from  the  driU 
pipe,  the  latter  is  easily  raised  by  a  slight  pull  on  the  line  leading  from 
the  spool  and  dropped  by  slacking  on  the  same.  The  above  outfit  re- 
quires three  men  to  operate.  It  can  be  used  economically  where  labor 
is  scarce  and  wages  are  high.  Another  advantage  imder  such  conditions 
is  that  the  work  is  much  easier  and,  therefore,  there  is  not  the  danger  of 
continually  losing  the  men  about  the  time  they  get  accustomed  to  the 
work.  Where  the  material  in  which  the  boring  is  being  made  is  such  that 
the  drill  pipe  can  be  carried  down  without  the  casing  pipe  the  advantage 
of  the  engine  is  much  increased,  and,  conversely,  where  the  casing  pipe 
has  to  be  driven  down  all  the  way  the  use  of  the  engine  loses  much  of 
its  advantage.  This  is  because  with  hand  operation  the  entire  six  men 
can  be  utilized  when  driving,  while  three  men  will  not  make  very  good 
progress  where  there  is  much  driving  to  do.  It  is  possible  to  raise  the 
ram  with  the  engine,  but  driving  with  the  engine  raising  the  ram  is  not 
nearly  so  effective.  Fig.  48/i  shows  the  arrangement  of  the  gasoline 
engine,  pump,  etc. 

"Before  the  work  is  started,  employers'  liability  insurance  is  to  be 
taken  out  on  all  men  employed  upon  or  connected  with  the  work.  This 
can  usually  be  obtained  in  the  town  nearest  to  the  site  of  the  borings  by 
application  to  some  insurance  agent.  We  want  to  be  thoroughly  pro- 
tected in  the  work;   and,  therefore,  proper  insurance  must  be  taken  out. 

"Usually  we  are  given  by  the  company  stakes  on  the  bridge  tangent; 
and  then  borings  will  be  located  by  their  station  number.  Where  we 
establish  the  bridge  tangent  the  station  numbering  is  ordinarily  fixed  by 
some  natural  object,  say  the  centre  line  of  some  cross  street,  a  railroad 
track,  etc.  For  ordinary  cases,  or  where  the  water  is  not  more  than  500 
feet  across,  the  position  of  each  boring  can  be  determined  by  measuring 
out  with  a  tape,  or  with  a  wire  and  then  measuring  the  wire.    For  wider 
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streams  it  will  be  necessary  to  lay  out  a  rough  triangulatioa  system  and 
measure  the  angle  between  base  line  and  boring.  Extreme  accuracy  is 
not  essential,  as  a  variation  of  a  couple  of  feet  is  no  serious  matter.  The 
angle  can  be  read  when  convenient  and  the  plus  of  the  boring  figured. 

"Usually  we  are  given  a  bench  mark,  or  else  some  permanent  bench  mark 
referred  to  some  assumed  base  is  selected.    It  is  well  to  place  a  gauge  so  that 
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Fio.  48A.    Arrangement  of  Gasoline  Engine  for  Mskini;  Boringa. 

the  elevation  of  the  water  can  be  noted  at  least  once  a  day.  Elevations  of 
pipe  are  generally  determined  from  the  water  and  so  referred  to  datum. 
It  is  well  to  establish  levels  at  once  and  refer  all  measurements  to  proper 
datum. 

"As  soon  as  the  engineer  reaches  the  site  he'  should  write  a  letter 
to  the  Main  Office,  giving  full  particulars  as  to  how  the  conditions  ap- 
pear to  him.  Every  day  thereafter  a  daily  report  is  to  be  sent  on  the 
blanks  supplied.  (See  Fig.  48i.)  One  report  is  to  be  mailed  each  night 
living  the  information  for  that  day.  Special  notes  may  be  made  on  the 
reporta  so  that  no  other  letters  are  necessary. 

"When  the  work  is  concluded,  a  final  letter  should  be  written,  ad- 
viang  as  to  the  disposal  of  tools,  equipment,  old  pipe,  etc.,  and  sending 
bills  of  lading  for  shipments. 

"Take  receipts  for  all  expenditures  for  materials  and  wages,  rents, 
^.,  on  the  blanks  furnished." 
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FIG.  48t 
REPORT  SHEET  FOR  BORINGS 
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Conmiitinc  Engincars      DaUjT  Ptogress  Report  on  Borincs  No. 

Kansiw  City.  Mo. 


Name  of  River. 
Day 


Made  for. 


Date. 


Weather. 


Boring  No Station  No 

Elevation  of  water 

Elevation  of  ground  line 

Elevation  of  bottom  casing  pipe  yesterday.  6K)0  tm. 
Elevation  of  bottom  casing  pipe  to-day.  6:00  p.if 

Elevation  of  bottom  of  hole  yesterday,  6:00  pm 

Elevation  of  bottom  of  hole  to-day.  6:00  tm 

Material  passed  through 


WATER  LINK 


OBOUNDLninB 


Woric  done  today 


Materials  purchased , 
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CHAPTER  XLIX 


DETERMINATION   OF  WATERWAYS 


After  the  location  of  a  bridge  has  been  chosen,  it  often  becomes  nee- 
essary  to  determine  how  much  waterway  should  be  allowed  before  further 
progress  can  be  made  in  deciding  on  an  economical  and  safe  layout.  The 
importance  of  this  question  varies  with  the  size  and  cost  of  the  bridge. 
On  new  work  it  is  often  desirable  to  put  in  tempoi-ary  wooden  trestles, 
in  order  to  afford  an  opportunity  for  accurate  observations  and  intelligent 
study  of  each  problem.  This  is  especially  true  in  new  countries  where 
dnunage  areas  have  not  been  accurately  mapped  and  where  reUable  in- 
fonnation  concerning  rainfall  and  high-water  elevations  is  imobtainable. 

The  following  data  are  useful  in  determining  areas  of  waterways;  and 
as  many  of  them  as  can  be  secured  at  reasonable  cost  should  always  be 
collected  as  soon  as  practicable. 

1.  Cross-section  of  stream  and  valley. 

2.  Elevations  of  extreme  high  water  and  ordinary  high  water. 

3.  Alignment  of  stream  for  a  distance  above  and  below  the  bridge 
equaling  in  length  several  times  that  of  the  proposed  structure. 

4.  Area  of  existing  waterway. 

5.  Character  of  adjacent  lands.  ^^ 

6.  Maximum  discharge  in  extreme  floods.  ^ 

7.  Profile  of  flood  line. 

8.  Measurements  or  estimates  of  velocity. 

9.  Sizes  of  openings  of  other  bridges  on  the  stream  located  near  to, 
below,  and  for  some  distance  above  the  proposed  site,  and  information  as 
to  whether  these  structures  have  proved  adequate. 

10.  Map  of  drainage  area  above  proposed  bridge  (U.  S.  topographic 
maps,  if  these  can  be  had,  are  preferable). 

11.  General  slopes. 

12.  Magnitude  of  floods  and  frequency  of  their  occurrence. 

In  many  cases  it  is  not  necessary  to  spend  much  time  on  the  study  of 
the  required  area  for  waterway;  because  local  features.  War  Department 
regulations,  pecuniary  restrictions,  and  other  conditions  than  hydraulic 
ones  will  settle  the  layout;  but  in  such  cases  after  the  tentative  arrange- 
ment of  spans,  piers,  pedestals,  abutments,  and  approaches  has  been 
prepared,  a  rough  check  on  the  hydraulics  involved  should  be  made  so  as 
to  ensure  that  the  structure  will  never  be  likely  to  cause  trouble  of  any 
kmd  on  account  of  insuflBcient  allowance  for  waterway. 

As  a  rule,  calculations  for  waterway  areas  are  restricted  to  small 
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Uis  dsne  to  Oe  esctreme  flood  is  justified  if  it 
i|i|i|aUaed  e^  of  the  additional  waterway  neeesaaiy  to  imveii^ 
^S^iXbo0by  in  applying  this  principle  is  to  foresee  all  the  iteiBB 
;iafii6r  into  some  future  loss,  and  thus  arrive  at  a  true 
lingineer  should  be  liberal  in  assuming  the  magnitude  of  Ite^ 
to  be  provided  for  as  well  as  in  forecasting  the  probable  amojimt 
that  in  the  future  might  be  caused  by  an  abnormally  giwt  floiri^i 

In  Vol.  12,  Part  III,  ci  the  Proceedings  of  the  Aflneiieaa 
Bsginemng  Association  will  be  found  a  collection  and 
prisudpal  formulsB  for  sectional  areas  and  discharges  of  streaoiSi 
hsr  a  special  committee.    Their  preliminary  or  tentative 
submitted  to  the  Association  in  March,  1909,  were  prefaced  fagr  tile 
ingrranarks: 

''(1).  In  determining  the  size  of  a  given  waterway,  careful 
tion  should  be  given  to  local  conditions,  including  flood  hdgj^t 
sise  and  behavior  of  other  openings  in  the  vicinity  canyiog 
stream,  characteristics  of  the  channel  and  of  the  watershed  arei^f 
conditions,  extent  and  character  of  traffic  on  the  given  line  ol 
probable  consequences  of  interruptions  to  same,  and  any  o^er 
likely  to  afifect  the  safety  or  economy  of  the  culvert  or  openings  i 

^^(2).     (a).  The  practice  of  using  a  formula  to  assist  m. 
proper  size  of  the  waterway  in  a  given  case  is  warranted  to  tibe 
the  formula  and  the  values  of  the  terms  substituted  th^rrai  4W«N 
to  fit  lobal  conditions. 
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"(6).  Waterway  formulas  are  also  useful  as  a  guide  in  fixing  or  verify- 
ing culvert  areas  where  only  general  information  as  to  the  local  conditions 
is  at  hand. 

"(c).  The  use  of  such  formulas  should  not  displace  careful  field  obser- 
Tation  and  the  exercise  of  intelligent  judgment  on  the  part  of  the  engineer. 

"(d).  No  single  waterway  formula  can  be  recommended  as  fitting  all 
conditions  of  practice." 

The  object  of  the  standing  "Sub-Committee  on  Formula  for  Water- 
ways," appointed  and  continued  by  the  Association,  is  apparently  to  find 
a  single  formula  that  ''can  be  recommended  as  fitting  all  conditions  of 
practice,"  and  although  the  members  of  that  committee  evidently  are 
K)mewhat  discouraged  by  the  complexity  of  the  problem  and  the  widely 
differing  formula  proposed,  they  have  not  yet  given  up  all  hope  of  success. 
In  their  1911  report  they  conclude  thus: 

"(1).  There  is  a  general  relationship  between  the  best-known  water- 
way and  run-off  formulas.  This  relationship  may  be  expressed  by  two 
t€nn8,  a  varying  coefficient  and  a  varying  exponent.  .  .  . 

"(2).  The  extent  of  this  relationship  for  large  and  smaU  areas  is  in- 
dicated by  the  Dim  waterway  data.  ..." 

In  Table  49a  are  given  the  said  data,  compiled  by  the  late  James  Dim, 
an  American  engineer  whose  important  work  and  sterling  worth  entitle 
bis  memory  to  a  broader  recognition  than  his  professional  reputation 
has  yet  received.  It  was  the  author^s  good  fortune  to  become  acquainted 
with  him  over  a  quarter  of  a  century  ago  in  connection  with  the  bridging 
of  the  Colorado  River  at  Red  Rock  on  the  line  of  the  Atlantic  and  Pacific 
Riulway.  That  business  association  and  occasional  meetings  in  later 
years  served  to  impress  upon  the  author  the  value  of  Mr.  Dim's  services 
to  the  engineering  profession,  especially  in  connection  with  his  work  for 
the  Santa  F6  Railway  System. 

Column  2  in  Table  49a  is  prepared  from  observations  of  streams  in 
Southwest  Missouri,  Eastern  Kansas,  Western  Arkansas,  and  the  south- 
eastern portions  of  the  Indian  Territory.  In  all  this  regipn,  steep, 
rocky  slopes  prevail,  and  the  soil  absorbs  but  a  small  percentage  of  the 
rainfalls.  It  indicates  larger  waterways  than  are  required  in  Western 
Kansas  and  level  portions  of  Missouri,  Colorado,  New  Mexico,  and 
Western  Texas. 

The  classification  by  States  is  for  convenience  only,  and  merely 
denotes  the  general  characteristics  of  topography  and  rainfall. 

A  study  of  the  various  formulae  for  area  and  discharge  at  any  crossing, 
given  in  Appendix  A  of  the  before-mentioned  sub-committee*s  report 
on  page  490  et  seq,  of  the  1911  Proceedings  of  the  A.R.E.A.,  shows  why 
^ch  great  discrepancies  exist  in  computed  values.  The  general  form  of 
the  various  f ormulse  for  sectional  area  is 

A  =  CAT,  [Eq.  1] 
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TABLE  49a 
The  Dun  Dbainaoe  Table 
AtduBOn,  Topdtft  A  Sftnta  ¥6  Railway  Syrtem  (1906) 
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where  A  is  the  sectional  area  of  stream  in  square  feet,  C  is  a  factor  that 
has  different  values  accprding  to  the  character  of  the  coimtry  drained, 
M  is  the  area  drained  in  acres,  and  n  an  exponent  varying  from  0.5  to 
1.0.  The  very  fact  of  the  wide  range  of  this  exponent  shows  that  it  is 
impracticable  for  the  values  of  il  to  agree  at  all  closely,  no  matter  how  ^ 
much  the  value  of  C  may  be  juggled  with.  For  instance,  taking  Myers' 
formula,  which  is 

A  =  CMi  [Eq.  2] 

and  Peck's  formula,  which  is 

4  =  f  ,  [Eq.  3] 

and  assuming  M  to  be  160,000  acres,  Myers'  formula  will  give 

A  =400C 
and  Peck's  will  give 

160,000 
A  =  -^^ 

In  the  former  C  varies  from  1  to  4  and  in  the  latter  from  4  to  6.  Taking 
the  larger  value  in  each  case  so  as  to  obtain  the  closest  possible  agreement, 
we  have  by  the  Myers'  formula 

A  =  1,600 
and  by  Peck's 

A  =  26,666. 

It  is  simply  impossible  to  harmonize  two  such  conflicting  fonnulse. 
In  all  probability  both  are  incorrect  and  the  truth  lies  somewhere  be- 
tween them.  Dun's  table  gives  by  interpolation  for  an  area  of  160,000 
acres  (250  square  miles)  in  Missouri  and  Kansas 

A  =  3,308, 
and  for  Texas 

A  =  4,300. 
Talbot's  fonnula  is  ' 

A  =.  CMl,  [Eq.  4] 

C  varying  from  J^  to  J^  or  even  less. 
Wentworth's  formula  is  • 

.       A=Ml  [Eq.5] 

The  Tidewater  Railway  fonnula  is 

A  =  0.62  JIf  A.  [Eq.  6] 

These  last  three  formulse  appear  to  be  more  reconcilable,  although  it  is 
evident  that  as  the  exponent  varies  from  0.67  to  0.75,  if,  by  change  of 


1114  BRIDGE  ENGINEERING  Chapter  XLJX 

coefficients,  they  be  Inade  to  agree  for  a  small  value  of  Af,  they  will  di- 
verge considerably  for  a  very  large  one.  Applying  the  same  value  as 
before,  viz.  M  =  160,000  acres,  we  find  the  following  values  of  A : 

By  the  Talbot  formula 8000  C 

By  the  Wentworth  formula 2947 

By  the  Tidewater  formula 0.62  X  4394  =  2724 

If  C  be  made  J^  in  the  Talbot  formula,  which  is  applicable  to  areas  three 
or  four  times  as  long  as  wide  and  subject  to  floods  from  melting  snow, 
we  shall  have  for  this  case 

A  =  2666. 

These  three  formulae  check  very  well  for  an  area  of  250  square  miles, 
which  is  not  far  from  the  superior  limit  of  the  Talbot  formula,  and  ix>s- 
sibly  as  large  as  any  of  the  actual  areas  from  the  observations  concerning 
which  were  derived  the  other  two.  It  will  be  well,  though,  to  test  them 
all  for  much  smaller  areas,  say  50  square  miles  or  32,000  acres.  By  sub- 
stitution we  find  the  following: 

By  the  Talbot  formula 2393  C 

By  the  Wentworth  formula 1008 

By  the  Tidewater  formula 833 

As  before,  making  C  =  )^  in  the  Talbot  formula  gives. .  798 

From  Dun*s  table  we  find  the  area  to  be  1,510  for  Missouri  and  Kansas 
and  1,661  for  Texas,  or  more  than  that  given  by  any  of  the  three  formula 
and  twice  that  obtained  from  Talbot's.  The  author's  judgment  in  respect 
to  choice  of  formulae  for  sectional  areas  of  streams  would  be  to  discard 
them  all  and  use  Dun's  Table,  which  gives  data  based  on  actual  records  up 
to  areas  of  6,500  square  miles. 

There  are  many  discharge  formulae  given  in  the  "Appendix"  before 
mentioned,  most  of  which  are  more  or  less  complicated,  and  many  of 
them  containing  terms  that  the  engineer  who  has  the  problem  to  solve 
cannot  obtain.  For  instance,  the  velocity  of  the  stream  during  floods  is 
often  not  on  record,  in  which  case  he  would  have  the  choice  of  making 
a  bald  guess  at  its  value,  waiting  (possibly  for  many  years)  for  a  big 
flood,  or  using  some  other  formula.  Evidently  those  formulae  which  con- 
tain the  fewest  terms,  other  things  being  equal,  would  be  the  most  ser- 
viceable; but,  on  the  other  hand,  the  fewer  the  terms  the  less,  probably, 
the  acciu'acy.  The  most  promising  looking  of  all  the  "volume"  formulae 
recorded  are  the  following : 

Fannmg's,  Q  =  200  M ^,  [Eq,  7] 


*» 


where  Q  =  discharge  in  cubic  feet  per  second, 
and  M  =  area  of  watershed  in  square  miles. 
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Burkli-Zi^er's,  q  =  cr^^,  [Eq.  8] 

where  q  =  discharge  in  cubic  feet  per  second  per  acre, 
c  =  coeflScient, 

r  =  average  intensity  of  rainfall  during  heaviest  down- 
pour in  cubic  feet  p>er  second  p>er  acre, 
8  =  general  slope  of  watershed  in  feet  per  hundred, 
and  a  =  area  of  watershed  in  acres. 


McMath's,  Q  =  cv  y/SA*,  [Eq.  9] 

where  Q  «  discharge  in  cubic  feet  per  second, 

c  =  proportion  of  rainfall  reaching  stream, 

V  =  cubic  feet  of  water  falling  upon  an  acre  of  surface 

per  second  during  heaviest  ram, 
S  =  slop>e  in  feet  per  thousand, 
and  A  =■  drainage  area  in  acres. 

44  000 
Kmehling's,         q  =  Jf^~  +  20,  [Eq.  10] 

where  q  =  discharge  in  second  feet  per  square  mile, 
and  M  =  drainage  area  in  square  miles. 

46  790 
Murphy's,  q  =  ^^^3^  +  15,  [Eq.  11] 

where  q  =  discharge  in  second  feet  p>er  square  mile, 
and  M  =  drainage  area  in  square  miles. 

C.  B.  &  Q.  Ry.,  Q  =  ^^^,  [Eq.  12] 

where  M  =  the  area  in  square  miles, 
I  and  Q  =  discharge  in  cubic  feet  per  second. 

I 

In  Vol.  12,  Part  III,  page  505  ei  seq,,  of  the  Proceedings  of  the  American 
Railway  Engineering  Association  there  is  given  a  table  in  which  are  re- 
corded the  results  of  some  450  studies  of  rainfall  and  its  effects  on  streams. 
These  records  show  the  name  of  stream,  place  of  study,  drainage  area  in 
square  miles  above  the  latter,  date  of  study,  discharge  in  cubic  feet  per  sec- 
ond per  square  mile  (or,  as  it  is  commonly  known,  the  "run-off"))  period  of 
^^rd,  duration  of  record,  total  discharge  in  cubic  feet  per  second,  water- 
way in  square  feet  required  as  per  Dun's  Table,  hypothetical  velocity  in 
^^per  second  at  the  place  of  study,  and  the  authority  for  data  recorded. 
The  observations  are  divided  into  seven  groups,  covering  the  following 
I  portions  of  the  United  States. 

I         1.  Northeastern. 
I         2.  Middle  Atlantic. 
3.  Southeastern.  ' 
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TABLE  496 
Raimfalib  and  Ruif-OffB  roB  Vabiottb  PosnoMB  or 


Graup 


Northeastern 

Middle  Atlantic 

Southeastern 

Central 

Soulliwesteni 

OdSfovnia 

Northern  Pacific  slope 

Ordinary  average  for  entire  U.  S.  A. . . 
Adjusted  average  for  entire  U.  S.  A. . . 


in 
Sq.ilil« 


034 

2,849 

3,615 

55,603 

2,761 

2,520 

7,572 

10,836 

11,512 


srJ^ 


46.8 
44.4 
26.2 
8.4 
26.6 
44.2 
30.7 
32.5 
35.2 
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In  order  to  prepare  a  digest  of  the  table  that  would  be  c| 
vice  to  bridge  engineers,  it  was  necessary  to  combine  ftt,  ., 
groups  of  the  records  into  a  single  group  covering  the  eplB^/ 
United  States,  throw  out  all  records  of  areas  less  than  one  jb^ 
miles  because  of  their  extreme  variations  (caused  pro! 
bursts  or  other  abnormal  conditions  that  affect  matmally  ii# 
divide  the  records  into  sub-groups  according  to  area  (i 
her  of  miles  per  group  as  the  area  increases),  reducbElK 
unduly  great  importance  of  two  or  three  observations  or 
tions,  then  averaging  the  run-offs  for  each  sub-groiQ>i 
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ages  on  a  diagram,  and  constructing  on  it  the  enveloping  curve  shown  in 
Kg.  496.  This  will  give  the  general  average  run-offs  for  all  areas  be- 
tween one  hundred  square  miles  and  twenty  thousand  square  miles,  based 
Dpon  an  average  annual  rainfall  of  thirty-five  (35)  inches.    In  applying 

o  s&fo  f^oo  moe  esesff 


o  5000  loooo  iso^  teoeo 

Oromo^  Area  Jf7  ^armM/V&s 

Fio.  496.    Average  Run-offs  for  the  United  States. 

this  diagram  to  any  particular  case,  one  should  multiply  the  run-off  given 
by  the  curve  by  the  ratio  of  the  average  annual  rainfall  of  the  drainage 
area  under  cooMderation  to  thirty-five  (35).  Although  the  curve  is  based 
upon  the  same  general  data  as  is  Table  496,  it  cannot  be  directly  con- 
nected therewith  because  of  numerous  logical  adjustments. 

While  it  is  true  that  the  adoption  of  this  diagram  as  a  standard  would 
not  provide  adequately  for  certain  abnormally  great  run-offs  that  have 
been  recorded,  it  must  be  remembered  that  to  make  openings  great  enough 
to  pass  the  How  from  a  few  excessive  rainfalls,  which  occur  only  a  few 
Umes  per  century  at  few  places  in  the  entire  United  States,  would  be 
unefK>nomic  and,  therefore,  bad  er^neering  practice.     If  the  district  con- 
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tsmtf^  bjr  the  nuMrff  i^ven  in  the  diagrcuin  altar 
r^Miiii^A  cl  district;  and  the  probable  exam  fflpirtional 
iffffilijhfii  1st  h^^ieBt  irater  caa  be  ascertidned  t^*  refereiiioe  J^ 
iPVxr  cases  where  no  previous  special  determinatiQii  Mi 
tiie^  unit  run-off  for  the  watershed  under  consideratiociy 
dpRation  records  are  available,  the  following  method nmrbel^ 
f or  baedns  oi  moderate  ase.    Plot  the  precipitation  data  t»-0- 
storms  on  cross-section  paper,  letting  the  abscissfld  repsesen^ 
of  the  storm  in  hours  and  the  ordinates  the  average  rate  of 
in  inches,  then  by  drawing  a  curve  thi^ugh  the  outlsrinK 
tative  relation  may  be  established  between  intensity  of 
duration.    It  will  be  observed  that  there  is  an  inverse  relati< 
the  duration  of  the  storm  the  less  the  intensity  of  rainfall, 
mula,  which  is  extensively  used,  expresses  this  relation  thus: 

360 


*      30  +  « 

where  i  =  rate  in  inches  per  hour, 
and  t  —  duration  of  storm  in  minutes,. 

The  next  step  is  to  consider  the  entire  basin  as  divided  nito 
basins.    Then,  starting  with  the  one  just  above  the  croesiol^i 
what  time  would  be  required  for  a  particle  of  water  at  the 
of  the  said  secondary  basin  to  reach  the  site.    This  will  gem' 
tion  of  storm  to  consider  for  that  secondary  basin.    With 
from  either  the  diagram  or  the  formula  the  rate  of  pred] 
termine  the  total  precipitation  per  hour  for  the  selected 
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the  area  of  the  secondary  basin.  This  will  give  the  amount  of  water 
per  hour  falling  on  the  selected  basin.  Plot  this  on  a  new  diagram  show- 
ing the  relation  between  area  and  amount  of  water  falling  thereon  per 
hour.  Then  repeat  this  operation  by  adding  to  the  area  of  the  first  basin 
that  of  the  one  next  to  it,  and  readjust  the  value  of  storm  duration  to 
correspond.  This  will  give  a  lower  rate  of  precipitation,  but  extending 
over  a  longer  time  and  more  area.  Plot  on  the  diagram  the  amount  of 
water  falling  per  hour  over  the  second  zone,  which  includes  the  first  and 
second  "secondary  basins,"  and  proceed  until  a  maximum  is  found.  This 
maximum  will  then  determine  the  critical  storm  duration  and  the  critical 
area  that  will  provide  the  largest  amount  of  run-oflf  to  reach  the  bridge. 
The  actual  run-off  will  be  some  fraction  of  the  total  amount  of  precipita- 
tion, as  some  of  the  water  will  be  absorbed  by  the  ground  and  by  the 
vegetation,  and  some  will  be  lost  by  evaporation.  The  steepness  of  the 
slopes  and  the  amoimt  of  impervious  area  in  the  water  shed  will  also 
affect  the  run-off.  The  average  percentage  of  rainfall  that  flows  off 
quickly  is  about  twenty  (20),  and  this  amount  should  be  employed  where 
no  more  accurate  or  probable  percentage  is  obtainable.  In  some  extreme 
cases  this  percentage  is  as  low  as  ten  (10).  It  is  applied  to  the  rate  of 
precipitation  just  found  for  the  critical  storm  period,  in  order  to  deter- 
mine the  time  rate  of  run-off.  As  a  nm-off  of  one  inch  per  hour  flowing 
from  one  square  mile  is  equal  to  645  cubic  feet  per  second,  the  run-off  for 
any  other  time  rate  would  be  proportional  and  can  readily  be  expressed 
in  cubic  feet  per  second  per  square  mile.  The  flow  per  second  from  the 
critical  zone  can  be  obtained  by  multiplying  the  area  of  the  zone  by  the 
nm-off  just  found.  This  gives  the  amoimt  of  water  in  cubic  feet  passing 
the  bridge  site  per  second. 

In  the  case  of  larger  streams  where  precipitation  and  other  conditions 
vary  in  the  water  shed,  it  may  become  necessary  to  resort  to  still  another 
manner  of  estimating  run-off.  This  method  involves  the  determination 
of  the  probable  area  of  stream  section  during  flood  and  the  accompany- 
ing mean  velocity  of  current.  As  it  is  likely  that  the  stream  will  be 
cross-sectioned  during  rather  low  stages  of  water,  allowance  must  be 
made  in  computing  the  area  of  section  for  possible  increased  depths  during 
flood  because  of  scouring.  That  is,  the  bed  of  the  stream  may  be 
unstable  and  subject  to  much  change  for  different  stages  of  the  river. 
Borings  will  fimiish  information  about  the  various  kinds  of  material 
underlying  the  stream.  With  this  information  and  a  table  of  limiting 
velocities,  some  idea  may  be  formed  of  the  probable  scour  when  a  tenta- 
tive velocity  is  ascertained.  Such  a  table  is  given  in  the  "American  Civil 
Engineers'  Pocket  Book"  on  page  859,  and  is  reproduced  as  Table  49c. 

These  values  are  properly  for  shallow  streams  only;  for  it  has  been 
fomid  that  the  resistance  of  a  material  to  scour  increases  as  the  water 
deepens.  This  relation  is  expressed  by  the  empirical  formula  given  on 
page  860  of  the  above  mentioned  **  Pocket  Book." 
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r,  =  md««*,  [Eq.  14 

in  which  v,  =  critical  mean  velocity,  in  feet  per  second,  for  that  part  o 

the  cross-section  under  consideration, 
m  ^  0.82  for  fine,  light,  sandy  silt, 
=  0.90  for  coarser,  light,  sandy  silt, 
=  0.99  for  sandy  loam, 

=  1.07  for  a  rather  coarse  silt,  such  as  debris  of  hard  soils, 
and  d  =  depth  of  water  in  feet. 

The  bottom  velocity  will  be  about  three-fourths  of  the  mean  velocity,  oi 

r',  =  ?  md  «••*  [Eq.  15] 

To  arrive  at  an  estimate  of  velocity,  it  is  necessary  to  measure  the 
slop>e  of  the  stream.    The  flood  line,  if  a  series  of  reliable  high-water 

TABLE  400 
Scouring  of  River  Beds 


Material 


Soft  earth 

Soft  clay 

Sand 

Gravel 

Sea  pebbles  (1 .06"  diameter) 

Brickbats  (4 .  76  cu.  in.) 

Slate  (9.06  cu.  in.) 

Broken  stone 


Bottom  Velocity  in  FMt  per  Seeood 


0.25 

0.50 

1.00 

2.00 

2.20 
2.25  to  2.50 
2.75  to  3.00 

4.00 


marks  for  a  single  flood  can  be  found,  should  preferably  be  used;  other- 
wise the  average  slope  of  the  bed  will  have  to  suffice.  With  this  infor- 
mation and  the  other  data  from  the  cross-section  of  the  stream,  Kutter*s 
well-known  formula,  Ekjuation  17,  may  be  employed  to  arrive  at  a  tentative 
value  for  velocity.  In  applying  that  formula,  better  results  may  be  ob- 
tained by  considering  alone  the  cross-section  of  the  main  channel  with  a 
particular  value  of  n  consistent  with  actual  conditions  in  the  said  channel. 
The  coefficient  n  would  be  larger  for  the  side  flow  over  a  low  bank  than 
in  the  channel  on  accoimt  of  vegetation  and  other  obstructions.  Having 
determined  a  tentative  mean  velocity  for  the  channel  portion  of  the 
cross-section,  the  maximmn  surface  velocity  which  occurs  over  the  deep- 
est portion  of  the  stream  may  be  approximated  by  multiplying  the  said 
mean  velocity  by  five-fourths.  Surface  velocities  in  other  portions  of  the 
cross-section  may  be  assumed  to  be  proportional  to  the  square  root  of 
the  depths  at  those  places.  The  mean  velocity  at  any  one  of  these  por- 
tions would  be  about  nine-tenths  of  the  surface  velocity  at  that  point, 
while  the  bottom  velocity  would  approach  three-fourths  of  the  mean 
velocity  or  two-thirds  of  the  surface  velocity.  This  will  give  in  conjunc- 
tion with  the  table  of  limiting  velocities  an  idea  of  what  material  must  be 
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reached  before  scouring  ceases.  This  informatioii  permits  the  plotting  of 
a  tentative  cross-section  for  flood  conditions,  from  which  a  new  value  for 
the  hydraulic  radius  may  be  obtained  and  a  revision  of  the  mean  velocity 
computed  for  the  main  channel.  Velocities  for  other  portions  of  the 
cross-section  may  be  found  either  by  Kutter's  formula  or  roughly,  as  before 
mentioned,  by  assuming  them  to  be  proportional  to  the  square  root  of 
the  depth. 

Having  arrived  at  an  estimate  of  probable  maximum  run-off  to  provide 
for,  the  next  step  is  to  design  an  opening  that  will  pass  the  required  amount 
of  water  without  damage  to  the  structure  or  to  adjacent  works  or  prop- 
erties. Due  regard  must  be  had  for  local  conditions  and  for  possible  future 
development.  The  desideratum  is  to  secure  the  highest  discharge  eflS- 
ciency  that  the  local  conditions  will  permit.  Most  rivers  in  their  natural 
state  have  low  discharge  eflSciencies.  An  increase  in  eflBciency  usually 
means  an  increase  in  the  hydrauUc  radius.  If  this  can  be  secured,  less 
area  will  be  needed,  and,  consequently,  a  shorter  and  less  expensive 
structure.  The  limiting  velocities  for  banks,  sides,  and  bottom  can  be 
fixed  to  conform  with  the  scorning  resistance  of  the  materials  compos- 
ing them;  and  then  an  allowable  mean  velocity  may  be  computed.  It 
is  possible  to  increase  the  resistance  to  scour  by  rip-rapping,  either  using 
willow  mattresses  or  employing  some  of  the  other  protective  measures 
referred  to  in  Chapter  XLIV.  The  poesibiUty  of  straightening  and  clear- 
ing out  the  channel  for  some  distance  above  and  below  the  bridge  site 
should  be  given  careful  consideration,  as  the  discharge  capacity  can  be 
increased  by  so  doing. 

Having  decided  on  an  allowable  mean  velocity,  it  next  becomes  nec- 
essary to  know  how  much  head  or  slope  will  be  required  to  produce  the 
said  velocity.     For  this  purpose  the  Chezy  formula, 

v^CylTs,  [Eq.  16] 

may  be  employed, 

where  v  =  velocity  in  feet  per  second, 

C  =  coeflBcient  evaluated  by  Kutter's  formula, 
r  =  hydraulic  radius, 
and  8  =  sine  of  slope. 

The  slope  would  apply  to  a  channel  imobstructed  with  piers.  The 
effect  of  these  is  to  back  the  water  up  somewhat  immediately  above 
them,  thus  producing  a  greater  slope  for  the  intermediate  space.  This 
amoimt  of  backing  up  or  increase  of  head  can  be  ascertained  by  consid- 
ering the  discharge  between  the  piers  as  composed  of  two  elements,  viz., 
the  discharge  through  a  submerged  orifice,  having  a  width  equal  to  the 
distance  between  piers,  and  a  depth  equal  to  that  below  them,  and  a  flow 
over  a  weir  of  length  equal  to  the  distance  between  the  piers  and  a  head 
equal  to  the  difference  in  depths  above  and  below  them. 
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The  possibility  of  levees  being  constructed  or  extended  must  also  be 
considered.  The  usual  eflfect  of  levees  is  to  contract  the  width  of  the 
waterway  and  increase  the  depth,  producing  a  higher  velocity  and  aug- 
menting the  scour.  For  the  protection  of  the  bridge,  the  levees  should 
tie  into  the  abutments  and  extend  down  stream  so  far  that  the  discharge 
thereof  when  released  from  the  contracted  channel  will  not  scour  holes 
too  close  to  the  bridge  substructure.  A  case  of  this  kind  once  occurred 
at  a  crossing  of  the  Atchafalaya  River.  The  bridge,  as  originally  planned, 
consisted  of  a  draw  span  with  a  fixed  span  at  each  end  of  it.  Levees  had 
been  constructed  along  both  banks  of  the  river.  One  of  them,  however, 
stopped  some  distance  above  the  bridge.  When  a  flood  was  on,  the 
rush  of  water  from  the  contracted  channel,  escaping  to  the  wide,  impro- 
tected  bottoms,  set  up  a  scouring  action  which  weakened  the  bank  and 
caused  a  large  earth  slide  that  resulted  in  a  tipping  of  one  of  the  piers. 

As  an  example  of  the  determination  of  a  waterway,  let  us  assume  the 
following  data  for  a  crossing  and  apply  to  it  the  preceding  formula  and 
methods: 

Let  the  location  chosen  be  in  the  State  of  Missoim  near  the  mouth 
of  a  river  similar,  for  instance,  to  the  Gasconade.  Of  course,  it  would  be 
much  better  to  take  the  true  data  for  that  river  rather  than  to  adopt  hypo- 
thetical data  for  a  hypothetical  stream;  but,  unfortunately,  the  author 
has  no  record  of  the  hydraulics  of  the  Gasconade;  hence  he  has  done  the 
best  he  could  to  prepare  a  harmonious  set  of  tigiu*es  based  upon  his 
practical  experience  in  Connection  with  American  rivers. 

Width  of  watershed  at  crossing =40  miles. 

Width  of  same,  determined  by  an  old  survey,  at  a 

distance  of  one  hundred  (100)  miles  up  stream. .     =  20  miles. 
Intermediate  widths  to  be  directly  interpolated. 

Total  length  of  watershed  above  crossing =  130  miles. 

Width  of  river  at  a  fairly  low  stage  of  water  when 

the  survey  was  made =  450  feet. 

Maximum  depth  of  water  at  the  same  time  at  a  point 

about  eighty  (80)  feet  from  the  left  bank =4  feet. 

Average  depth  of  water =2.8  feet. 

Greatest  observed  surface  velocity  at  crossing  when 

survey  was  made =  1  .Smiles  per  hour. 

Side-slope  on  left  bank  where  the  rock  is  exposed .  .     =  one  in  two. 
Side-slope  on  the  right  bank  of  stream,  from  water^s 

edge  to  top  of  bank =  one  in  four. 

Height  of  right  bank  above  surface  of  water  when 

survey  was  made =6  feet. 

Width  of  level  portion  of  top  of  right  bank =50  feet. 

Falling  slope  back  of  right  bank  for  a  distance  of  five  hundred  (500) 
feet  averages  one-half  (J^)  of  one  per  cent. 
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Then  comes  a  dry,  level  slough  two  hundred  (200)  feet  wide;  and, 
finally,  there  is  a  rising  grade  of  three-quarters  {%)  of  one  per  cent  for 
&  thousand  feet  or  more. 

Average  slope  of  river  for  first  ten  miles  up-stream  is  one  and  a  half 
(V/2)  feet  per  mile;  and  in  each  ten-mile  stretch  beyond  it  increases 
regularly  by  one  foot  to  the  mile. 

Borings  near  water's  edge  on  the  right  side,  at  time  of  survey,  showed 
four  (4)  feet  of  silt,  twelve  (12)  feet  of  sand,  then  gravel  that  was  fine 
at  first  but  increasing  in  coarseness  gradually  with  the  depth,  the  vertical 
m^surements  being  made  from  the  elevation  of  the  water. 

Material  of  the  low  bank  and  of  the  flat  is  a  sandy  loam  that  was 
evidently  deposited  by  the  river,  but  across  the  slough  it  is  harder, 
showing  that  it  has  been  washed  down  by  rain  from  the  adjacent  higher 
land.  The  low  bank  and  the  flat  are  covered  with  vegetation  that  will 
offer  considerable  resistance  to  scour.  The  crossing  is  near  the  middle 
of  a  long,  easy  bend  in  the  stream,  and  the  current  at  high  water  impinges 
against  the  rocky  bank.  Records  of  high  water  are  very  meagre,  all 
that  could  be  learned  being  that  at  times  the  elevation  was  about  a  foot 
higher  than  the  top  of  the  right  bank.  No  reliable  records  concerning 
floods  were  obtainable. 

Rainfall  is  about  thirty-five  (35)  inches  per  annum. 

In  so  far  as  the  information  permits,  we  shall  apply  to  the  solution 
of  this  problem  the  various  suggested  methods  in  the  order  of  their  pres- 
entation. For  convenience  we  shall  tabulate  our  primary  data  and  the 
obvious  deductions  therefrom  for  ready  substitution  in  the  various 
formuke. 

At  time  of  survey: 

Area  of  watershed  =  3,300  square  miles  =  2,112,000  acres. 

Mean  annual  precipitation  =  35  inches. 

Maximiun  depth  =  4  feet. 

Average  depth  =  2.8  feet. 

Width  at  time  of  survey  =  450  feet. 

Area  of  section  at  time  of  survey  =  1,260  square  feet. 

Greatest  observed  surface  velocity  at  crossing  when  survey  was  made 

=  1.5  miles  per  hour,  or  2.2  feet  per  second. 
Mean  velocity  =  0.8  X  2.2  =  1.76  feet  per  second. 

1.5 


Sme  of  slope  =  r;^  =  .000284.  V.000284  =  .0168. 

Hydraulic  radius  =  2.8  feet,  nearly.      V2.8         =  1.67. 

Coeflicient  "n"  deduced  from  observed  velocity  by  Kutter's  formula 

=  0.028  for  low  stages. 

Q  =  1,260  X  1.76  =  2,220  cubic  feet  per  second. 
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2  218 
Unit  run-oflf  at  time  of  survey  =    *  ^.  =  0.672  cubic  feet  per  second 

per  square  mile. 

The  first  method  is  that  of  using  Dim's  Drainage  Table.  For  a  drain 
age  area  of  3,300  square  miles  and  a  rainfall  of  35  inches  per  annimi,  whie^ 
conforms  with  conditions  in  Missouri,  we  find,  by  interpolation,  that  th^ 
waterway  required  is  11,120  square  feet. 

We  shall  next  take  up  the  second  set  of  formulse  giving  the  volum^ 
of  discharge. 
Fanning's: 

Q  =  200  X  (3,300)*  =  171,000  cu.  ft.  per  sec.  at  bridge  site. 
Burkli-Ziegler's: 

*l 3 

q  =  0.625  X  O.S-v  ^  nonnn  ~  0.0046  cu.  ft.  per  sec.  per  acre. 

or    Q  =  0.0046  X  2,112,000  =  9,715  cu.  ft.  per  sec.  at  bridge  site. 
Here  we  had  to  assume  the  intensity  of  rainfall  and  the  average  slope 
of  the  watershed. 

McMath's:  

Q  =  0.2  X  0.5  VlTx  21 12000*  =  11,500  cu.  ft.  per  sec.  at  bridge 
site. 
Kuichling's: 

44  000 
q  =  3  3004,  X70  +  20  =  32.7  cu.  ft.  per  sec.  per  sq.  mile. 

Q  =  3,300  X  32.7  =  108,000  cu.  ft.  per  sec.  at  bridge  site. 
Mmphy's: 

46,790       .   .^      o^->        rx 
q  =  3  3004,320  +  ^^  =  ^7.9  cu.  ft.  per  sec.  per  mile. 

Q  =  3,300  X  27.9  =  92,000  cu.  ft.  per  sec.  at  bridge  site. 
The  C.  B.  &  Q.  Ry. : 

3,000Af         3,000  X  3,300       „.  /.^.^ 
Q  =  »   .  ^    /T7-  =  ^   .   ^  /^^^"  =  84,000  cu.   ft.  per  second  at 
3  +  2  VM       3  +  2V3,300 

bridge  site. 

The  wide  range  of  variation  in  these  results  should  serve  to  put  the 
engineer  on  his  guard  in  utiUzing  such  formulae.  The  Burkli-Ziegler  and 
McMath  formulae  are  frequently  adopted  for  determining  the  run-off 
from  small  areas  when  designing  sewer  systems,  but  they  have  only  a 
restricted  application  and  should  not  be  employed  for  large  areas.  The 
author  has  included  these  in  the  Hst  so  that  he  may  warn  the  reader  of 
their  limited  application. 

The  next  method  is  that  of  applying  the  curve  in  Fig.  49b,  which  gives 
for  an  area  of  3,300  square  miles  a  run-off  of  about  twenty-five  (25)  cubic 
feet  per  second  per  square  mile.  ^This  makes 
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will  correspond  to  the  condition  that  will  involve  the  largest  amount  a 
water  passing  the  bridge  site  at  any  time.  The  area  of  this  zone  is  1, 
square  miles  and  the  rainfall  on  it  is  0.47  inch  per  hour.  Of  this  oi 
twenty  (20)  per  cent,  or  0.094  inch  per  hour,  will  pass  promptly  do 
stream,  the  rest  being  retained  by  the  soil,  vegetation,  ponds,  eva] 
tion,  etc.  One  inch  per  hour  flowing  from  a  square  mile  corresponds  t^ 
645  cubic  feet  per  second,  hence  the  run-off  per  square  mile  will  be  645  >^ 
0.094  =  61  cubic  feet  per  second.  As  there  are  1,440  square  miles  h 
the  zone,  the  total  run-off  will  be  1,440  X  61  =  87,840  cubic  feet  pe 
second. 

It  is  to  be  noted  that  although  this  method  is  a  rather  rough  approx^ 
mation,  being  based  on  assumed  average  velocities  for  the  different,  reachej 
and  upon  a  general  average  ratio  of  run-off  to  rainfall,  which  average 
varies  with  the  perviousness  of  the  soil,  the  character  of  the  vegetatioi^ 
and  the  steepness  of  the  surrounding  coimtry,  the  assumptions  were  s\ 
very  carefully  made;  and,  consequently,  the  checking  within  about  si^ 
(6)  per  cent,  which  it  gives  when  compared  with  the  total  run-off  con^ 
puted  from  the  diagram,  is  not  surprising. 

The  next  method  is  that  of  approximating  the  cross-section  of  thj 
river  at  flood  stag^  and  applying  the  formula  for  mean  velocity, 

t;  =  C  V  r« 
where      v  =  mean  velocity  at  cross-section, 

r  =  hydraulic  radius, 

s  =  sine  of  slope, 
and        C  =  a  coefficient  to  be  evaluated  by  Kutter's  Formula,  which,  fa 
ready  reference,  is  here  quoted. 


C  = 


1-811   .    ..  ^   .  0.00281 
h  41.6  H 

1+ (41.6  +  ^:50281)^ 


[Eq.  171 


in  which  n  is  the  coefiicient  of  roughness  varying  from  0.025  to  0.04^ 
for  rivers. 

For  convenience  let  us  call  the  elevation  of  the  top  of  the  convex  bani 
100.0. 

Then  the  elevation  of  the  observed  high-water  mark  will  be  101.0. 
It  is  first  desired  to  find  the  probable  discharge  of  the  stream  when  th« 
flood  line  is  at  this  elevation.  When  making  the  computations,  let  ii9 
consider  the  main  channel  by  itself,  ignoring  temporarily  the  scour  effect. 
Owing  to  the  slope  of  the  banks,  it  will  have  a  greater  width  at  flood 
than  at  low  water.  For  the  observed  flood  line,  having  an  elevation 
of  101.0,  the  width  is  488  feet  and  the  maximum  depth  is  11  feet.  We 
then  have  the  following: 

(488  _L  45o\ 
j  =  4,543  square  feet. 
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Wetted  perimeter  =  491  feet. 

HydrauUc  radius  =  ^ST  =  ^-^^  ^^^'     "^  ^'^  =  ^'^' 

Sine  of  slope  =  -r~,  =  0.000284.  V.000284  =  0.0168. 

C!oefficient  of  roughness,  n  =  0.028. 
Substituting  in  Equation  17  gives  C  =  78.8;  hence 

V    =  78.8  X  3.04  X  0.0168  =  4.02  feet  per  second,  and 

Q  =  4.02  X  4,543  =  18,263  cubic  feet  per  second  (provisional). 

The  maximum  surface  velocity  at  the  deep  part  of  the  channel  would 
be  5/4  X  4.02  =  5.03  feet  per  second.  The  bottom  velocity  at  this 
section  would  be  2/3  X  5.03  =  3.35  feet  per  second. 

Referring  to  the  table  of  limiting  velocities,  it  is  seen  that,  as  the  stage 
of  the  river  approaches  a  flood  elevation,  scouring  is  to  be  expected.  This 
rise  will  enlarge  the  crossnsection,  causing  a  higher  velocity,  which  results 
in  further  scouring  and  in  an  additional  enlargement  of  the  stream-section 
until  equilibrium  is  established  between  the  increasing  velocity  and  the 
augmenting  resistance  to  scour  due  to  the  greater  depth.  It,  therefore, 
becomes  necessary  to  approximate  the  new  cross-section  in  order  to  find 
the  probable  flood  discharge.  To  do  this,  the  depth  of  scouring  must 
be  expressed  in  terms  of  the  rise  in  the  stage  of  the  river.  That  there  is 
a  relation  between  these  two  phenomena  will  be  better  appreciated  when 
the  sequence  of  intermediate  dependent  factors  is  traced  out. 

For  a  given  stage  of  water,  after  the  bed  has  become  stable,  the  bottom 
velocity  must  be  such  that  neither  silting  nor  scouring  takes  place.  As 
before  indicated,  this  critical  velocity  has  been  found  to  increase  with  the 
depth  of  water;  and  for  the  mid-channel  it  may  be  estimated  by  one  of 
the  following  formute,  derived  from  Equation  15: 

For  fine,  light,  sandy  silt, 

v\  =  0.615do-"  [Eq.  18] 

For  coarse,  light,  sandy  silt, 

«;'.  =  0.675d^"  [Eq.  19] 

For  a  sandy  loam, 

v\  =  0.742d^"  [Eq.  20] 

For  coarse  silt,  such  as  the  debris  of  hard  soils, 

v',  =  0.803d0;",  [Eq.  21] 

m  which  v\  =  critical  bottom  velocity   in  feet  per 

second, 
and  d  =  depth  of  water  in  feet  at  mid-channel. 

For  equilibrium  the  actual  bottom  velocity  at  mid-channel  must  equal 
the  critical  velocity  for  the  given  depth  at  the  same  place.  That  is,  if 
^c  represents  the  actual  mid-channel  bottom  velocity,  then 

v',  =  v\.  [Eq.  22} 
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due  to  scour; 
^  '      AA  ■>  AAi  +  AAf. 

A  >-:aiea  of  stream  section  at  the  time  ctf  observ»6oa. 
AP  » increment  to  wetted  perimeter,  composed  of  three 
APi  and  APs  bong  the  portions  due  to  rise  in 
leydi  and  APs  the  portion  due  to  scour; 
Of        AP  -  APi  +  AP,  +  AP,, 
and       P  »  wetted  perimeter  at  the  time  of  observation. 

Now  AA  is  first  caused  by  a  rise  in  the  nv&r  stage,  whidi  is 
to  be  the  primary  cause  for  the  chain  of  subsequent  readjustmeillik 
stream  factors.    An  approximate  quantitative  relation  betwete- 
f actors  can  be  established  by  the  following  conedd^rations: 

The  tendency  is  for  the  stream  to  approach  a  form  of 
in  which  it  encounters  the  least  resistance,  or,  in  other  wofii^ 
wetted  perimeter,  though  changing,  to  remain  a  mmimum  relalii^ 
area;   which  means  that  the  hydraulic  radius  continues  to 
mairimuni  value  until  equilibrium  is  reached.    This  involves  a 
ctf  the  river  bed,  because  such  curving  increases  the  increment 
area  faster  than  it  does  the  increment  to  the  perimeter.  m 

If  the  observed  stage  of  water  be  given  an  increment,  AiS,  the 
section  will  receive  an  increment  to  its  area  which  produces  asft 
ment  in  the  wetted  perimeter;  then  the  new  hydraulic  rai&us 
r  +  Ar.    That  is, 


^xti 


t.  I 


A  +  AA 


'V  t  *i 


r+  Ar 


For  scouring  to  take  place,  Ar  must  be  positive,  because  tihi^' 

cannot  increase  otherwise.     If  the  hydraulic  radius 

then 
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[Eq.25] 


Ail       .A 

AP  ""  P' 

and  no  scouring  results. 

As  previously  mentioned,  AA  is  composed  of  two  parts.    The  upper 
PotUod,  AAif  can  readily  be  expressed  in  terms  of  three  factors,  viz., 


A/OTfS: 


AP'AP*6P*6P 


The  ¥»r/ica/  <3ca/e  is  sxa^^raM 
Fig.  40c.    Crom-section  of  Stream. 

AS,  the  original  width  ti?,  and  the  slopes  of  the  bank  /  and  /';  and  the 
lower  portion  in  terms  of  perimeter  and  scoured  depth. 
From  Fig.  49c  it  is  seen  that 

AAi=  As(tr  +  |AS+^  as).  Upper  portion.     [Eq.  26] 

2P„  A  v«       2Pfc  At/-       2P  A 'u. 
AA2^      \^'+      \^"  ^       ^      ,       Lower  portion.     [Eq.  27] 

t$  o  o 

then    AA  =  AAi  +  AA,  =  AS  (  IP  +^  ^  +^  A5  )  +  ^^^'.  IEq.28] 

.\l8o   AP,  -  V^+/*^  =  AiSVl+Z*- 
AP,  =  ^J^+p'^^  =  AsVl+Z". 
2A^/    P 


AP,  = 


\P-   PJ 


[Eq.  29] 
[Eq.  30] 

[Eq.  31] 
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This  last  equation  may  be  derived  by  the  following  process: 

Assume  that  the  original  bed  is  sensibly  Sat  and  nearly  horizontal, 
that  it  is  scoured  out  to  some  depth  at  mid-channel,  as  Ay^  which  is  rela- 
tively large  as  compared  with  the  original  depth  yc,  and  that  the  new  bed- 
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Other  asBumptioiis  as  to  original  conditions  of  stream-bed 
of  scour  to  original  depth  nught  be  made,  giving  someivbal 
suits  than  those  shown  in  Equation  35;  but  as  the  vahie  of  t¥§ 
tively  insignificant  in  all  cases,  no  attempt  at  refinement  is 

Then 

AP  =  APi  +  AP,  +  AP, 
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Substituting  these  values  of  AA  and  AP  in  the  i»eVkMis 
hydraulic  radius,  the  following  expression  is  obtained  lot  th^^iiMr] 
radius: 
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It  is  next  necessary  to  express  Ar  in  terms  of  Av.  Using  Kutter's  For- 
mula, and  remembering  that  n  and  8  are  constants  and  known  for  any 
particular  case,  there  is  obtained  a  relation  between  v  and  r  from  which, 
by  differentiation,  the  relation  between  At;  and  Ar  can  be  established, 
thus: 


V  ^  C  VrT,  where  C  = 


n  8 

.    .    f  ..  n   ,   .00281\    n 
1+  (41.6  +  ^-)^  J 


As  the  numerator  of  this  fraction  is  constant,  it  can  be  replaced  with  the 

(.00281\ 
41.6  + )n,  then 
8        ' 

the  equation  may  be  written  thus: 

C  =  — V=AVL,  [Eq.38] 

Vr 

then  t;  =     .~  .    .V7  VI  =  -rJ—M1\  [Eq.  39] 

Vr +j  Vr  +  J 

but  as  the  V  «  is  a  constant.  A;  V  s  can  be  replaced  by  K\ 

Kr 
then  V  =     ,-  .    ..  [Eq.  40] 

yr+j 

By  differentiation,  it  is  seen  that 

i^J^  +  J)  K  -  Kr  (^  r^)  sVF  +  i 

(Vr +j)*  r  +  2j  Vr  +/ 


/i:(ivr  +  i) 


But  from  nimierous  observations  it  is  known  that  v  =  —  v/,  hence 

5 

A  t;  =  -3  A  »/,  [Eq.  43] 

5 

and,  at  the  time  equilibrium  is  re-established  for  the  new  flood  line, 

v'e  +  A»'c  =  p'.  +  A»',.  [Eq.  44] 

However,  before  the  rise  in  the  stream  occurred 

v'c   =  v'„  [Eq.  45] 

therefore  A»'.  =  A»',  [Eq.  46] 
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It  Ih»  been  Been  that 


Ar  -  -  A  V  -  g  A  V  -  J  j-j;j5j-(A«,+ A5)  J 
Sobfltitutiiig  this  yalue  in  the  equation  for  Ar.  there  is  obtained 


»»l!i-a^1?l 
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«(l^+>) 


6  (  dt-M 
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(Aye+ A5)i 


V  +  1^'V7  + 


/c(iv;+i) 


Then  substituting  this  value  for  Ar  in  Equation  37  for  the 
radiuSy  there  results  an  equation  in  which  Ay^  is  expressed 
function  of  AS,  the  other  terms  being  known  and  having 
nummcal  values,  viz. : 

A  +  A/S(to  +  ^  AS  +  ^  as)  + 1 P  Ay. 

P+  A5VT+7^+  AS  vT+7^  +  |a]^*(^^ 


»tt4 


-.-L-a 


As  the  term  involving  Ay^  is  practically  insignificant  on 
smallness  of  its  coeflScient,  in  comparison  with  the  othsr 
which  it  is  added,  it  may  be  dropped,  making  Equatiea 


■.^  '"r  Af'i 


^ 


V.i. 
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A  +  ^s{w  +  ^  ^S+^^AS)  +  I  PAy, 


p+ AS(Vi+/'+ Vi+Z") 


xdVr+i) 


[Eq.  54] 


Ibis  is  the  desired  equation. 

For  the  particuW  problem  in  hand  the  following  numerical  values 
are  substituted  in  the  foregoing  formula. 

A  =  1,260  square  feet 

P  =  450  feet  Pa  =  370  feet  and  P^  =  80  feet 

w  =  450  feet 
n  =  0.028 

<  =  0.000284  V_8  =  0.0168 

r  =  2.8  Vr=1.67 

/=2  /'  =  4 

m  =  0.71     (An  average  for  the  range  of  values  given  by  equations 
18  to  21,  inclusive.) 

^      ^«,«o      /'l-Sll   .    ..  ^  .    .00281  \ 
X  =  0.0168  X(^^  + 41.6+;^^^)  = 

0.0168  (64.7  +  41.6  +  9.9)  =  1.95 

(00281  \ 
41.6  +  -^55284/  X  -^^  =  ^^'^  X  .028  =  1.44.         f  =  2.07 

d  =  4  feet  d^"  =  1.65 

AS  =  7  feet. 

Substituting  these  values  in  Eq.  54  and  solving,  we  find  for  the  depth 
of  scour,  A  Pcf  a  value  of  11.9  feet.  As  there  is  an  old  saying  among  those 
who  are  familiar  with  silt-bearing  rivers  to  the  effect  that  for  each  foot 
of  rise  there  are  about  two  feet  of  scour,  this  result  appears  to  be  correct. 
Such  a  scour,  however,  would  involve  cutting  down  to  the  gravel,  but 
the  superior  resistance  of  this  material  would  interfere,  and  hence  it  is 
probable  that  the  scouring  would  extend  horizontally,  possibly  over  a 
large  portion  of  the  width  of  the  bed. 

Referring  now  to  Eq.  28  and  substituting  therein  7  for  AS  and  11.9 
for  Apc,  we  find  the  increment  of  area  to  be  6,867  square  feet,  and  adding 
to  this  the  original  area  of  cross-section,  1,260  square  feet,  gives  8,127 
square  feet  as  the  total  area  of  the  new  cross-section  of  the  river  proper. 

The  new  wetted  perimeter  is  foimd  from  Eq.  36  by  substituting  therein 

the  same  values  of  AS  and  Ay^  making  the  increment  about  46  feet 

and  the  total  496  feet. 

8  127 
The  hydraulic  radius  is  —r-  =  16.38  feet, 

496 

.  • .  V  r  =  ^|J6M  =  4.04 
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perimeter  »  1,217  feet. 
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of  dqpe  -  0.00Q28C     V.000284  «  ,  _,        ^ 
ftibstitatiiig  these  values  in  the  fonnula  gtves  (^  »  l|Mi| 
s  «  45.6  X  1.41  X  0.0168  »  1.06  feet  per  sebcaia^     /xiciM 
a«1.08X2442-2637cubicfeetperseoQiiiL    //   V^^^^ 
tile  totid  disoharge  -  2637  +  47,137  »  49,774  eitfifo  ImH 


Fran  this  we  conchide  that  the  minimmn 
provided  for  should  not  be  less  than  the  foroeoiiig  amoaiifc 
hand,  the  critical  storm  method  shows  that  provisioii 
pass  about  88,000  cubic  feet  per  second,  and  the  ''einrve 
indicates  that  a  flow  of  82,600  cubic  feet  per  second  is  thii 
The  C.  B.  &  Q.  fonnula,  previously  quoted,  gives  SMOft 
formula  92,000.    Hence  Uie  further  condusiim  is 
served  high-water  line  is  not  that  of  extreme  floods.    ^ 
damage  to  the  bridge  or  adjacent  properties,  provisioii 
for  a  discharge  of  82,600  cubic  feet  per  second.  ;  ^^y^^, 

The  probable  extreme  flood  line  will  next  be 
assmne  an  additional  height  of  four  feet,  making  tb^ 
extreme  flood  line  105.0.     Increment  to  the  area  of. 


m^f 


4(488  +  4)  ==  1,968  square  feet. 

Total  area  »  8127  +  1968  =^  10,095  square  feet. 
Wetted  peruneter  =  496  +  9  =  505  feet. 

10,095 


Hydraulic  radius  = 


505 


=  20;  and  V20  »  4.47.    |l^ 


Substituting  these  values  in  the  fonnula  gives  C  ■ 
V  =  87.8  X  4.47  X  0.0168  =  6.59  feet  per  second, 
Q  =  6.59  X  10,095  =  66,526  cubic  feet  per  second 
main  channel. 


'^: 


.'.t: 
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For  the  slough  we  shall  assume  that  the  brush  and  other  vegetation 

will  prevent  scour,  hence  we  shall  have  the  following: 

Increment  to  the  area  =  5934. 

Total  area  =  5934  +  2442  =  8376  square  feet. 

Wetted  perimeter  =  1217  +  533  =  1750  feet. 

Q37A  .  » 

Hydraulic  radius  -^-z  ^  4.78.     V  4.78  =  2.19.    n  =  0.035. 

i7oO 

Substituting  these  values  in  the  formula  gives  C  =  56.7;  hence 

V  =  56.7  X  2.19  X  .0168  =  2.09  feet  per  second,  and 

Q  =  2.09  X  8376  =  17,506  cubic  feet  per  second. 

Total  =  66,526  +  17,506  =  84,032  cubic  feet  per  second. 

This  volume  is  somewhat  in  excess  of  the  assiuned  amount;  hence  it 
will  be  conservative  to  take  105.0  as  the  elevation  of  the  extreme  flood 
line.  This  gives  a  maximum  depth  of  water  in  the  channel  of  twenty- 
seven  feet  and  in  the  slough  one  of  seven  and  a  half  feet,  while  the  extreme 
width  of  flood  will  be  about  2,250  feet,  and  the  total  area  of  waterway, 
18,470  square  feet. 

If  all  this  flood  were  confined  to  the  main  channel  by  building  a  levee 
along  the  low  bank,  a  calculation  similar  to  the  preceding  shows  that  the 
flood  line  would  be  raised  to  about  elevation  108.0. 

Thb  would  require  a  levee  at  least  nine  feet  high.  It  is  hardly  prob- 
able that  such  a  levee  along  the  low  bank  would  be  justified,  unless  the 
land  were  valuable  and  worth  protecting.  It  then  becomes  a  question 
whether  to  build  and  maintain  for  railroad  purposes  a  solid  embankment 
across  the  slough  and  the  adjoining  low  lands,  or  to  leave  an  opening  at 
the  said  slough  and  put  in  a  trestle.  The  length  of  such  a  trestle  would 
depend  on  how  high  the  flood  line  might  be  raised  without  serious  injury. 
If  it  be  permissible  to  increase  the  extreme  high  water  to  elevation  106.0, 
we  find  by  interpolation  that  the  main  channel  would  carry  about  72,000 
cubic  feet  per  second.  This  leaves  10,500  cubic  feet  per  second  to  be 
carried  through  the  slough.  -»  A  four-hundred-foot  trestle  will  provide  an 
opening  of  about  3,340  square  feet,  while  the  velocity  will  approximate 
3.0  feet  per  second,  which  gives  a  discharge  capacity  of  some  10,020  cubic 
feet  per  second,  which  is  almost  exactly  right.  However,  the  bents  of 
the  trestle  will  obstruct  the  flow  somewhat,  hence  it  is  not  desirable  to 
limit  the  opening  to  a  bare  sufficiency.  This  layout  gives  a  total  water- 
way for  the  entire  crossing  of  about  13,930  square  feet  with  a  flood  line 
at  elevation  106.0.  For  an  unobstructed  flow,  the  area  as  previously 
noted  would  be  18,470  square  feet  with  the  flood  line  at  elevation  105.0. 
With  the  flood  confined  to  the  main  channel,  the  area  becomes  about 
11,600  square  feet  and  the  flood  line  rises  to  elevation  108.0.  It  is  thus 
seen  that  the  most  efficient  discharge  section  is  the  restricted  area.  In 
this  connection  it  is  to  be  noted  that  Dun's  Drainage  Table  in  the  "  Mis- 
souri Colunm"  gives,  by  interpolation,  for  a  drainage  area  of  3,300  square 
miles,  a  required  area  of  waterway  of  11,123  square  feet,  which  is  some- 
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what  less  than  the  area  of  the  opening  provided  by  the  main  channel 
and  the  four-hundred-foot  trestle  at  the  slough,  showing  that  the  proposed 
layout  is  satisfactory. 

This  shows  a  substantial  agreement  between  values  dmved  from 
Dun's  Table,  the  unit  run-ofif  curve,  the  critical  storm  method,  the  method 
of  determining  waterways  from  velocities  estimated  by  Kutter's  Formula, 
and  the  C.  B.  A  Q.  Formula,  while  the  results  derived  from  the  Murphy 
Formula  are  not  out  of  range.  Fanning's  Formula  calls  for  over  one  hun- 
dred (100)  per  cent  excess  area  for  waterway,  while  Kuichling's  Formula 
indicates  about  thirty  (30)  per  cent  excess,  as  compared  with  the  figures 
obtained  by  means  of  Fig.  496. 

In  order  to  test  further  the  C.  B.  &  Q.,  the  Murphy,  and  the  Kuichling 
formulae  so  as  to  see  how  they  agree  with  the  diagram  method  for  small 
areas,  it  will  be  well  to  assume,  as  at  the  beginning  of  this  chapter,  a 
drainage  area  of  250  square  miles. 

C.  B.  A  Q.  Formula: 

^      3000  X  250      ^,  ^^^      , .    , 
Q  =  -^--  =s  21,670  cubic  feet  per  second. 

3H-2V250 

Murphy  Formula: 

(46  790  \ 

250^320  "^  ^y  ^  24,270  cubic  feet  per  second. 

Kuichling  Formula: 

(44  000  \ 

250  +  170  +  ^j   ""  ^^'^^^  ^^^^^  ^^*  P^^  second. 

The  diagram  gives 

Q  =  38  X  260  =  9,500  cubic  feet  per  second. 

As  the  run-oflfs  to  fit  the  C.  B.  &  Q.,  the  Murphy,  and  the  Kuichling 
formulae  are  respectively  87,  97,  and  125,  and  as  the  former  figure  exceeds 
all  but  36  of  the  447  records  in  the  table  of  the  A.  R.  E.  A.,  and  the  latter 
all  but  15  of  them,  it  is  evident  that  none  of  the  formula  can  be  consid- 
ered satisfactory.  Moreover,  the  36  exceptional  areas  of  the  table  ex- 
ceeding a  run-off  of  87  have  an  average  drainage  area  of  only  138  square 
miles. 

In  view  of  the  foregoing,  the  author  feels  justified  in  advising  his 
readers  to  place  no  reliance  whatsoever  on  any  of  the  formulae  for  area 
and  discharge  of  streams,  but  to  adopt  instead  as  a  standard  Dun's  Tables 
and  the  Run-Off  Diagram  presented  in  this  chapter — ^bearing  in  mind, 
however,  that  when  the  anticipated  area  and  discharge  are  unusually  high, 
every  practicable  investigation  should  be  made  so  as  to  determine  their 
probable  maximum  values,  following  the  methods  herein  explained. 


CHAPTER  L 

BEQUIREMENTS   OF  THE   XTNITED   STATES   GOVERNMENT  FOR  BRIDGINa 

NAVIGABLE  WATERS 

The  determination  of  what  are  and  what  are  not  ''navigable  waters'' 
in  the  United  States  has  been  made  by  various  decisions  of  the  Supreme 
Court,  from  among  which  the  following  have  been  chosen  as  the  most 
explicit  concerning  the  question: 

Mr.  Justice  Field  states  thus: 

'*  Those  rivers  must  be  regarded  as  public  navigable  rivers  in  law  which  are  navigable 
in  fact.  And  they  are  navigable  in  fact  when  they  are  used,  or  susceptible  of  being 
used,  in  their  ordinary  condition,  as  highways  for  commerce,  over  which  trade  and 
travel  are,  or  may  be,  conducted  in  the  customary  modes  of  trade  or  travel  on  water, 
and  they  constitute  navigable  waters  of  the  United  States  within  the  meaning  of  the 
acts  ci  Ccmgress,  in  contradistinction  from  the  navigable  waters  of  the  states,  when 
they  form  in  their  ordinary  condition,  by  themselves,  or  by  uniting  with  other  waters, 
a  continued  highway  over  which  conmierce  is,  or  may  be,  carried  on  with  other  states  or 
foreign  countries  in  the  customary  modes  in  which  such  commerce  is  conducted  by 
water." 

Mr.  Justice  Davis  states  thus: 

"It  would  be  a  narrow  rule  to  hold  that  in  this  country,  unless  a  river  was  capable 
of  being  navigated  by  steam  or  sail  vessels,  it  could  not  be  treated  as  a  public  highway. 
The  capability  of  use  by  the  public  for  purposes  of  transportation  and  commerce  affords 
the  true  criterion  of  the  navigability  of  a  river,  rather  than  the  extent  and  manner  of 
that  use.  If  it  be  capable,  in  its  natural  state,  of  being  used  for  purposes  of  conunerce, 
DO  matter  in  what  mode  the  commerce  may  be  conducted,  it  is  navigable  in  fact,  and 
becomes  in  law  a  public  river  or  highway;  vessels  of  any  kind  that  can  float  upon  the 
water,  whether  propelled  by  aninud  power,  by  the  wind,  or  by  the  agency  of  steam, 
are,  or  may  become,  the  mode  by  which  a  vast  commerce  can  be  conducted,  and  it 
would  be  a  mischievous  rule  that  would  exclude  either  in  determining  the  navigability 
of  a  river.  It  is  not,  however,  as  Chief  Justice  Shaw  said  (21,  Pickering,  344) :  'Every 
small  creek  in  which  a  fishing  skiff  or  gunning  canoe  can  be  made  to  float  at  high  water 
which  is  deemed  navigable,  but,  in  order  to  give  it  the  character  of  a  navigable  stream, 
it  must  be  generally  and  commonly  useful  to  some  piupose  of  trade  or  agriculture.'  ** 

The  United  States  Government  through  the  War  Department  has 
jurisdiction  over  all  the  navigable  waters  of  the  coimtry,  and  has  the 
right  to  dictate  as  to  the  character  and  location  of  all  proposed  bridges 
for  crossing  them,  irrespective  of  whether  permission  to  build  them  were 
obtained  from  Congress  or  State  Legislature,  consequently  bridge  engi- 
neers in  general  practice  should  acquaint  themselves  with  the  rules  and 
regulations  of  the  said  Department  in  regard  to  bridging  such  waters. 
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and  the  munitioDe  of  war  oi  the  United  States  than  the  fmtepcr wi 
portati<m  over  any  raUroad,  street  railway^  or  public  hi^way 
and  the  United  States  shall  have  the  ri|^t  to  oonstruct,  maintfihii 
any  charge  therefor,  telegraph  and  telephone  lines  across  aild  id^ 
i^^proaches;  and  equal  privileges  in  the  case  of  said  bridge  ai^; |t| 
be  granted  to  all  telegraph  and  telephone  companies. 

"Sbc.  3.  That  all  railroad  companies  desiring  the  use  ol  ao;^^^ 
m  aooordanoe  with  the  provisions  of  this  Act  shall  be  entitled  to  e^l^; 
leges  relative  to  the  passage  of  railway  trains  or  cars  over  the  fis|B|p 
proadies  thereto  upon  payment  of  a  reasonable  compensation  fot  fne|^ 
of  any  disagreement  betweoi  the  parties  in  regard  tq  the  terms 
to  be  paid  all  matters  at  issue  shall  be  determined  by  the  Seetetai^ 
the  allegations  and  proofs  submitted  to  him. 

"Sbo.  4.  That  no  bridge  erected  or  maintained  under  the 
dball  at  any  time  unreasonably  obstruct  the  free  navigation  of  the 
is  constructed,  and  if  any  bridge  erected  in  accordance  with  tti^ 
shall,  in  the  opinion  of  the  Secretary  of  War,  at  any  time 
navigation,  either  on  account  of  insufficient  height,  width  of  spo^^ai, 
there  be  difficulty  in  passing  the  draw  opening  or  the  drawspan  of 'SQdl 
steamboats,  or  other  water  craft,  it  shall  be  the  duty  of  the 
giving  the  parties  interested  reasonable  opportunity  to  be  heard,  to 
owniog  or  ccmtroUing  such  bridge  so  to  alter  the  same  as  to  render 
or  under  it  reasonably  free,  easy,  and  unobstructed,  stating  in  sueb 
required  to  be  made,  and  prescribing  in  each  case  a  reasonable 
such  changes,  and  if  at  the  end  of  the  time  so  specified  the  changeaiil 
been  made,  the  persons  owning  or  controlling  such  bridge  shaU  be 
violation  of  this  Act;  and  all  such  alterations  shall  be  made  and 
shall  be  removed  at  the  expense  of  the  persons  owning  or 
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persons  owning  or  operating  any  such  bridge  shall  maintain,  at  their  own  expense,  such 
li^U  and  other  signals  thereon  as  the  Secretary  of  Commerce  and  Labor  shall  prescribe. 
If  the  bridge  shall  be  constructed  with  a  draw,  then  the  draw  shall  be  opened  promptly 
by  the  persons  owning  or  operating  such  bridge  upon  reasonable  signal  for  the  passage 
of  boats  and  other  water  craft.  If  toUs  shall  be  charged  for  the  transit  over  any  bridge 
constructed  under  the  provisions  of  this  Act,  of  engines,  cars,  street  cars,  wagons,  car- 
riages, vehicles,  animals,  foot  passengers,  or  other  passengers,  such  tolls  shall  be  rea- 
aoimble  and  just,  and  the  Secretary  of  War  may,  at  any  time,  and  from  time  to  time, 
prescribe  the  reasonable  rates  of  toll  for  such  transit  over  such  bridge,  and  the  rates  so 
prescribed  shall  be  the  legal  rates  and  shall  be  the  rates  demanded  and  received  for  such 
transit. 

"Sec.  5.  That  any  persons  who  shall  fail  or  refuse  to  comply  with  the  lawful  order  of 
the  Secretary  of  War  or  the  Chief  of  Engineers,  nmde  in  accordance  with  the  provisions 
of  this  Act,  shall  be  deemed  guilty  of  a  violation  of  this  Act,  and  any  persons  who  shaU  be 
guilty  of  a  violation  of  this  Act  shall  be  deemed  guilty  of  a  misdemeanor  and  on  con- 
viction thereof  shall  be  punished  in  any  court  of  competent  jurisdiction  by  a  fine  not 
exceeding  five  thousand  dollars,  and  every  month  such  persons  shall  remain  in  default 
shall  be  deemed  a  new  offense  and  subject  such  persons  to  additional  penalties  therefor; 
and  in  addition  to  the  penalties  above  described  the  Secretary  of  War  and  the  Chief  of 
Engineers  may,  upon  refusal  of  the  persons  owning  or  controlling  any  such  bridge  and 
accessory  works  to  comply  with  any  lawful  order  issued  by  the  Secretary  of  War  or  Chief 
of  Engineers  in  regard  thereto,  cause  the  removal  of  such  bridge  and  accessory  works  at 
the  expense  of  the  persons  owning  or  controlling  such  bridge,  and  suit  for  such  expense 
may  be  brought  in  the  name  of  the  United  States  against  such  persons,  and  recovery  had 
for  such  expense  in  any  court  of  competent  jurisdiction ;  and  the  removal  of  any  structures 
erected  or  maintained  in  violation  of  the  provisions  of  this  Act  or  the  order  or  directioti 
of  the  Secretary  of  War  or  Chief  of  Engineers  made  in  pursuance  thereof  may  be  en- 
forced by  injunction,  mandamus,  or  other  summary  process,  upon  application  to  the 
circuit  court  in  the  district  in  which  such  structure  may,  in  whole  or  in  part,  exist,  and 
proper  proceedings  to  this  end  may  be  instituted  imder  the  direction  of  the  Attorney- 
General  of  the  United  States  at  the  request  of  the  Secretary  of  War;  and  in  case  of  any 
litigation  arising  from  any  obstruction  or  alleged  obstruction  to  navigation  created  by 
Uie  construction  of  any  bridge  under  this  Act,  the  cause  or  question  arising  may  be  tried 
b^we  the  circuit  court  of  the  United  States  in  any  district  which  any  portion  of  such 
obstruction  or  bridge  touches. 

"Sec.  6.  That  whenever  Congress  shall  hereafter  by  law  authorize  the  construction 
of  any  bridge  over  or  across  any  of  the  navigable  waters  of  the  United  States,  and  no  time 
for  the  conunencement  and  completion  of  such  bridge  is  named  in  said  Act,  the  authority 
thereby  granted  shall  cease  and  be  null  and  void  imless  the  actual  construction  of  the 
bridge  authorized  in  such  Act  be  conmienced  within  one  year  and  completed  within  three 
yeaiB  from  the  date  of  the  passage  of  such  Act. 

"Sec.  7.  That  the  word  'persons'  as  used  in  this  Act  shall  be  construed  to  import 
both  the  singular  and  the  plural,  as  the  case  demands,  and  shall  include  municipalities, 
quasi-municipal  corporations,  corporations,  companies,  and  associations. 

"Sec.  8.  That  the  right  to  alter,  amend,  or  repeal  this  Act  is  hereby  expressly  re- 
served as  to  any  and  aU  bridges  which  may  be  built  in  accordance  with  the  provisions 
of  this  Act,  and  the  United  States  shall  incur  no  liability  for  the  alteration,  amendment, 
or  repeal  thereof  to  the  owner  or  owners  or  any  other  persons  interested  in  any  bridge 
which  shall  have  been  constructed  in  accordance  with  its  provisions." 

The  preceding  "Act"  is  very  general  in  its  nature,  and  is  both  inter- 
^mg  and  useful  to  bridge  engineers  as  far  as  it  goes;  but  much  more 
detailed  information  is  necessary  in  order  to  prepare  properly  the  plans 
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^  180^  the  ocMBtflniiotioii  of  bridcM 
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BKfmd.    The  ai)ipUcant  must  present  with  liti 
|iiiOa  or  by  letter,  the  foUowfaig  papera: 

,  41^  A  Qopor  of,  or  rafereiice  to,  th^  law  authecishag  lli| 
ibe  bridge.    In  ease  it  be  a  qpedal  State  kw,  the^<eq|9^|l' 
to  bgr  the  seetetaijr  of  the  state,  under  seal. 

tt  the  law  em^c^yed  be  a  general  one,  a  aimide 
Itf' indunie,  page,  and  sectkm  wffl  .    i  vc 

I^lwre  the  l^gsl  authority  to  build  a  bridge  is 
^  eharter  or  articleB  of  inooip(»ration  of  a  oon^oDg^  # 
p9f»i  tr^,  win  suffice. 

Ik  cases  where  State  laws  vest  the  power  to 
tion  ctf  bridges  m  county  officers,  such  as  boards  of 
courts,  certified  extracts  from  the  proceedings  of  sudi 
befumidied. 

6.  Drawings,  m  tripUcate,  showing  the  plan  of  the 
and  clear  heights  of  spans,  widths  of  draw  openings, 
abutments,  etc.,  and  those  features  which  affect  na 
C(»istruction  are  Aot  required.) 

c.  A  map,  in  triplicate,  showing  the  location  of  the  faliip|; 
a  distance  of  one  mile  above  and  one-half  mile  below  the 
tion,  such  data  in  regard  to  low  and  high  water,  direcs&tt 
of  currents,  soundings,  existing  bridges,  etc.,  as  may  tiji. 
enable  the  Secretary  of  War  to  judge  whether  the  locatkNDL  ia 

If  the  applicant  is  a  corporation,  in  addition  to  tiie  pepeli 
above  there  will  be  required  the  following: 

d.  A  copy  of  the  Charter  or  Articles  of  Incorporatton 
certified  to  by  the  secretary  of  the  state,  or  such  othef: 
have  the  custody  of  the  original,  under  seal. 

e.  A  copy  of  the  minutes  of  the  organization  of  the 
fied  to  by  the  secretary  thereof  under  seal. 

/.  An  extract  from  the  Company  minutes  showing  ti|^ 
of  the  Company,  certified  to  by  the  secretary  thereof 
g.  A  copy  of  the  proceedings  of  the  Board  of 
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pany  accepting  the  provisions  of  the  Act  of  Congress  or  Act  of  State 
Leg^dature  granting  the  right  to  build  the  bridge,  certified  to  by  the 
secretary  of  the  Company  under  seal. 

h.  An  application  signed  by  the  President  of  the  Company  and  ad- 
dressed to  the  Secretary  of  War,  submitting  map,  design,  and  papers,  as 
required  by  the  rule  established  by  the  Secretary  of  War  on  July  21,  1886. 

t.  A  letter,  in  duplicate,  addressed  to  the  Secretary  of  War,  signed 
by  the  President  of  the  Company,  authorizing  the  applicant  to  present 
the  papers  and  plans  in  person  and  to  do  what  may  be  necessary  to  ob- 
tain the  approval  of  the  said  plans  by  the  Secretary  of  War. 

In  the  case  of  a  well  known  corporation,  the  presentation  of  the  papers 
numerated  under  the  headings  d,  e,  and  /  may  be  waived. 

The  following  extract  from  a  general  letter  dated  June  7,  1913,  from 
the  then  Chief  of  Ehigineers,  Gen.  Wm.  H.  Bixby,  addressed  to  the  "Dis- 
trict Officers  of  the  Corps  of  Engineers,"  and  entitled  '^  Memorandum  of 
iDstructions  for  Use  in  Preparing  Drawings  to  Accompany  Requests  for 
Secretary  of  War  Permits,"  will  supplement  the  preceding  suggestions. 
Referring  specially  to  bridges  General  Bixby  says* 

"A.  In  plan,  or  in  horizontal  section,  the  essential  features  are  the  outside  lines  of 
the  stmctuie  which  separate  the  area  left  for  use  of  boats  from  the  area  occupied  by  the 
bridge. 

"B.  In  delation  or  in  vertical  section,  the  essential  features  are  similar  lines  in- 
dicating dear  heights  under  lowest  points  above  high  water,  low  water,  and  ordinary 
boating  water,  and  clear  widths  between  piers  and  fenders,  etc.,  at  same  stages;  and  the 
outer  boundary  of  the  fixed  parts  of  the  bridge,  and  of  its  draw  or  movable  parts. 

"C.  In  both  plan  and  elevation  the  essential  features  of  the  draw  should  be  shown 
ID  the  two  positions  of  the  draw,  closed  and  fully  open;  but  the  unessential  features  of  the 
draw  and  bridge  ends  (i.  e.,  form  of  bracing,  or  trussing,  and  of  bolting,  other  con- 
itmctional  details,  material)  are  not  needed  to  be  indicated  and  their  omission  is 
generally  preferable. 

"D.  Care  should  be  taken  to  see  that  the  points  of  the  compass  and  the  direction 
and  relative  strength  of  curr^its  (both  ebb  and  flow)  are  given  close  to  the  bridge  and  at 
both  ends  of  the  portion  of  the  river  shown. 

"E.  The  extent  of  map  should  fulfill  the  conditions  already  required  by  the  War 
Department  circulars. 

"F.  The  drawing  showing  general  plan  shoidd  contain  a  small  inset  map  to  show 
the  connection  of  permit  maps  with  some  existing  lake  or  coast  survey  map  of  the 
locality  (to  be  briefly  described  by  its  number  and  title)." 

Although  under  ordinary  conditions  there  is  no  diflSculty  experienced 
m  obtaining  the  approval  of  the  War  Department  to  the  plan  and  loca- 
tion of  a  proposed  bridge,  there  are  times  when  the  applicant  will  en- 
counter many  obstacles;  and  occasionally  these  will  prove  to  be  insur- 
mountable. For  instance,  when  two  rival  companies  are  trying  to  bridge 
a  river  at  or  near  the  same  location,  or  when  the  navigation  interests  deem 
that  the  bridge  would  be  an  obstruction  to  river  traffic,  or  when  the 
Government  engineers  consider  that  the  structure  would  interfere  with 
the  rectification  of  the  stream  or  with  probable  future  navigation,  or 
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'^^ll^i/^^      JkB  the  membere  of  the  t7.  St  '^ 
0moSmxm  of  the-  oountry's  navigatioa  mterartBi  ene 
tfeg^  are  HaMe  to  be  prejudiced  oa  the  side  of  riv«r 
io  |be  raiboads;   but  when  river  men  endMVor  ^ 
project  by  imwarranted  allegations  of  injury  to 
aoon  made  to  imderstand  that  they  will  not  be 
terial  progress  of  the  country  because  some  pn^Moed 
not  favcn*  their  i)ersonaI  aims.  /  ^^^^^^f 

The  army  engineers  endeavor  to  make  it  as  eaqr  Ife 
applicant  to  get  his  plans  approved;  and  when  thqr  ai# 
necessity  for  haste,  they  will  make  their  decision  witb  i 
While  they  are  particular  about  the  correctness  of  ilMi 
map,  they  require  but  little  data  concerning  the  phoui  lot 
— simply  a  profile  of  the  crossing  showing  the  outline!^ 
skeleton  of  the  trusses,  and  the  corresponding  plan  |^Vii&' 
sions  and  location  of  piers  and  abutments.    They  are 
the  strength  of  the  superstructure  nor  with  the  specifioatkMt 
the  bridge  is  to  be  built;  for  they  consider  that  the  owbetf 
interested  not  to  permit  of  any  construction  that  is  goingMli 
over,  if  it  should,  the  debris  would  soon  be  removed  Iqr  iki: 
at  the  owner's  expense.      In  examining  the  plans,  ^tufjf^ 
business  to  see  that  the  location  not  only  complies  witii- 
spect  to  both  the  spacing  and  the  position  of  piere  and 
also  that  the  bridge,  when  completed,  will  not  dam  the 
nor  cause  currents  which  would  be  prejudicial  to  navigul 
posed  location  is  considered  upon  its  own  merits. 
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proved,  although  complying  with  both  the  law  and  the  custom  of  the 
Department,  in  case  that  any  peculiar  features  necessitate  othor  restric- 
tions. The  questions  involved  are  treated  from  the  broad  standpoint 
of  common  sense,  and  the  only  red  tape  that  the  applicant  is  liable  to 
«ico\inter  is  the  little  piece  used  to  tie  up  his  approved  plans  with  the 
official  papers  by  which  they  are  accompanied. 

While  it  is  not  practicable  for  any  one  to  determine  in  advance  what 
layout  of  spans  for  any  proposed  crossing  will  meet  with  the  approval 
of  the  War  Department,  it  is  generally  known  what  the  usual  require- 
ments are  for  each  principal  river.  By  the  way,  though,  these  very 
prop>erly  vary  on  the  different  stretches  of  the  stream,  being  more  severe 
near  the  mouth  than  in  the  vicinity  of  the  head  of  navigation.  On  the 
Missouri  River,  as  high  up  at  least  as  Omaha,  the  minimum  clear  open- 
ings between  piers  are  four  hundred  (400)  feet  for  high  bridges,  and  two 
hundred  (200)  feet  for  the  swing  spans,  and  three  hundred  (300)  feet  for 
the  fixed  spans  of  low  bridges;  and  the  clear  headway  above  high  water 
is  from  fifty-five  (55)  to  fifty  (50)  feet  for  high  bridges  and  ten  (10)  feet 
for  low  bridges.  However,  concessions  are  sometimes  made  in  respect  to 
the  vertical  clearance  of  low  bridges;  because  all  that  really  needs  to  be 
assured  is  that  the  bottom  chords  are  high  enough  to  avoid  danger  from 
injury  by  floating  trees  and  logs. 

As  the  width  of  river  is  rarely  such  that  a  certain  number  of  spans 
of  yniniTniim  length  will  exactly  cover  the  stream,  it  is  evident  that  in 
most  cases  there  will  arise  the  question  of  whether  it  is  best  to  shorten 
or  lengthen  each  span  or  to  place  a  short  span  at  one  end  of  the  bridge. 
The  decision  will  generally  be  in  favor  of  either  the  last-mentioned  method 
or  the  equal  lengthening  of  all  the  spans,  as  the  Department  is  loth  to 
break  its  established  rules,  and  will  not  do  so  if  it  can  be  avoided. 

When  an  engineer  is  retained  upon  a  bridge  project  for  the  crossing 
of  a  navigable  stream,  of  which  he  does  not  know  the  War  Department's 
requirements  for  clear  span  and  clear  headway,  the  first  step  for  him  to 
take  is  to  write  the  Chief  of  Engineers  and  request  him  to  state,  either 
officially  or  otherwise,  as  he  may  prefer,  what  in  ordinary  cases  would  be 
the  said  requirements.  At  the  same  time  he  should  endeavor  to  learn 
what  is  the  Department's  interpretation  of  the  term  "High  Water," 
because  on  some  rivers  the  Government  has  established  standard  high 
water  grade  lines  that  are  materially  lower  than  the  extreme  high  water 
elevations;  and  if  such  a  standard  can  be  used  for  the  high  water  men- 
tioned in  the  Company's  charter,  a  material  saving  in  both  grades  and 
money  can  often  be  effected.  This  is  especially  true  in  the  case  of  pro- 
jected low  bridges  to  be  built  as  close  to  the  water  as  practicable. 

The  following  quotations  are  extracted  from  a  Government  publi- 
cation entitled  "Laws  for  the  Protection  and  Preservation  of  the  Navi- 
gable Waters  of  the  United  States."  Only  those  clauses  which  touch 
either  directly  or  indirectly  on  bridgework  have  been  chosen.      As  they 
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are  taken  from  Acts  passed  at  several  different  times,  they  involve  a 
certain  amoimt  of  repetition,  which  it  is  hoped  the  reader  will  pardon: 

"That  it  shall  not  be  lawful  to  construct  or  comm^ice  the  construction  of  any 
bridge,  dam,  dike,  or  causeway  over  or  in  any  port,  roadstead,  hav^i,  harbor,  canal, 
navigable  river,  or  other  navigable  water  of  the  United  States  until  the  consent  of  Con- 
gress to  the  building  of  such  structures  shall  have  be^i  obtained  and  until  the  plans  for 
the  same  shall  have  been  submitted  to  and  approved  by  the  Chief  of  EkigineeTS  and  by 
the  Secretary  of  War:  Provided,  That  such  structures  may  be  built  under  authority  of 
the  legislature  of  a  State  across  rivers  and  other  waterwa3rs  the  navigable  portions  of 
which  lie  wholly  within  the  limits  of  a  single  State,  provided  the  location  and  plans  there- 
of are  submitted  to  and  approved  by  the  Chief  of  Engineers  and  by  the  Secretaiy  of  War 
before  construction  is  commenced:  And  Provided  Further,  That  when  plans  f(^  any 
bridge  or  other  structure  have  been  approved  by  the  Chief  of  Engineers  and  by  the 
Secretary  of  War,  it  shall  not  be  lawful  to  deviate  from  such  plans  either  b^ore  or  after 
completion  of  the  structure  unless  the  modification  of  said  plans  has  previously  been 
submitted  to  and  received  the  approval  of  the  Chief  of  Engineers  and  of  the  Secretary 
of  War. 

"That  the  creation  of  any  obstruction,  not  affirmativdy  authorized  by  Congress,  to 
the  navigable  capacity  of  any  of  the  waters  of  the  United  States  is  herd[>y  prohibited; 
and  it  shall  not  be  lawful  to  build  or  commence  the  building  of  any  wharf,  pier,  dolphin, 
boom,  weir,  breakwater,  bulkhead,  jetty,  or  other  structure  in  any  port,  roadstead, 
haven,  harbor,  canal,  navigable  river,  or  other  water  of  the  United  States,  outside 
established  harbor  lines,  or  where  no  harbor  lines  have  been  established,  except  on  plans 
recommended  by  the  Chief  of  Engineers  and  authorized  by  the  Secretary  of  War;  and 
it  sbidl  not  be  lawful  to  excavate  or  fill,  or  in  any  manner  to  alter  or  modify  the  course, 
location,  condition,  or  capacity  of,  any  port,  roadstead,  haven,  harbor,  canal,  lake, 
harbor  of  refuge,  or  inclosure  within  the  limits  of  any  breakwater,  or  of  the  channel  of 
any  navigable  water  of  the  United  States,  unless  the  work  has  been  recommended  by  the 
Chief  of  Engineers  and  authorized  by  the  Secretary  of  War  prior  to  beginning  the  same. 

"That  where  it  is  made  manifest  to  the  Secretary  of  War  that  the  establishment  of 
harbor  lines  is  essential  to  the  preservation  and  protection  of  harbors  he  may,  and  is 
hereby,  authorized  to  cause  such  lines  to  be  established,  beyond  which  no  piers,  wharves, 
bulkheads,  or  other  works  shall  be  extended  or  deposits  made,  except  under  such  regu- 
lations as  may  be  prescribed  from  time  to  time  by  him:  Provided,  That  whenever 
the  Secretary  of  War  grants  to  any  person  or  persons  permission  to  extend  piers,  wharves, 
bulkheads,  or  other  works,  or  to  make  deposits  in  any  tidal  harbor  or  river  of  the  United 
States  beyond  any  harbor  lines  established  under  authority  of  the  United  States,  he 
shall  cause  to  be  ascertained  the  amount  of  tide-water  displaced  by  any  such  structure 
or  by  any  such  deposits,  and  he  shall,  if  he  deem  it  necessary,  require  the  parties  to 
whom  the  permi^oi^  is  given  to  make  compensation  for  such  displacement  either  by 
excavating  in  some  part  of  the  harbor,  including  tide-water  channels  betweeen  high  and 
low  water  mark,  to  such  an  extent  as  to  create  a  basin  for  as  much  tide  water  as  may  be 
displaced  by  such  structure  or  by  such  deposits,  or  in  any  other  mode  that  may  be 
satisfactory  to  him. 

"That  every  person  and  every  corporation  that  shall  violate  any  of  the  provisions 
of  sections  nine,  ten,  and  eleven  of  this  Act,  or  any  rule  or  regulation  made  by  the 
Secretary  of  War  in  pursuance  of  the  provisions  of  the  said  section  eleven,  diall  be 
deemed  guilty  of  a  misdemeanor,  and  on  conviction  thereof  shall  be  punished  by  a 
fine  not  exceeding  twenty-five  hundred  dollars  nor  less  than  five  hundred  dollars,  or  by 
imprisonment  (in  the  case  of  a  natural  peraon),  not  exceeding  one  year,  or  by  both  such 
pimishments,  in  the  discretion  of  the  court.  And  further,  the  removal  of  any  structures 
or  parts  of  structures  erected  in  violation  of  the  provisions  of  the  said  sections  may  be 
enforced  by  the  injunction  of  any  circuit  court  exercising  jurisdiction  in  any  district  in 
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which  such  structuTGS  may  exist,  and  proper  proceedings  to  this  end  may  be  instituted 
under  the  direction  of  the  Attom^-General  of  the  United  States. 

"That  it  shall  not  be  lawful  to  throw,  discharge,  or  deposit,  or  cause,  suffer,  or  pro- 
care  to  be  thrown,  discharged,  or  deposited  either  from  or  out  of  any  ship,  barge,  or 
oAher  floating  craft  of  any  kind,  or  from  the  shore,  wharf,  manufacturing  establishment, 
or  min  of  any  kind,  any  refuse  matter  of  any  kind  or  description  whatever  other  than 
that  flowing  from  streets  and  sewere  and  passing  therefrom  in  a  Uquid  state,  into  any 
navigable  water  of  the  United  States,  or  into  any  tributary  of  any  navigable  water  from 
fdkich  the  same  shall  float  or  be  washed  into  such  navigable  water;  and  it  shall  not  be 
lawful  to  deposit,  or  cause,  suffer,  or  procure  to  be  deposited  material  of  any  kind  in  any 
place  on  the  bank  of  any  navigable  water,  or  on  the  bank  of  any  tributary  of  any  navig- 
able water,  where  the  same  shall  be  liable  to  be  washed  into  such  navigable  water,  either 
by  ordinary  or  high  tides,  or  by  storms  or  floods,  or  otherwise,  whereby  navigation  shall 
or  may  be  impeded  or  obstructed:  Provided,  That  nothing  herein  contained  shall 
extend  to,  s^ply  to,  or  prohibit  the  operations  in  connection  with  the  improvement  of 
navigable  waters  or  construction  of  public  works,  considered  necessary  and  proper  by 
the  United  States  officers  supervising  such  improvement  of  pubUc  work:  And  Pro- 
ymsD  Further,  That  the  Secretary  of  War,  whenever  in  the  judgment  of  the  Chief  of 
Engineers  anchorage  and  navigation  will  not  be  injured  thereby,  may  permit  the  de- 
posit of  any  material  above  mentioned  in  navigable  waters,  within  limits  to  be  defined 
and  und^"  omditions  to  be  prescribed  by  him,  provided  application  is  made  to  him  prior 
to  depositing  such  material;  and  whenever  any  permit  is  so  granted  the  conditions 
thereof  shall  be  strictly  compUed  with,  and  any  violation  thereof  shall  be  unlawful 

''That  whenever  the  Secretary  of  War  shall  have  good  reason  to  believe  that  any 
railroad  or  other  bridge  now  constructed,  or  which  may  hereafter  be  constructed,  over 
any  of  the  navigable  waterways  of  the  United  States  is  an  unreasonable  obstruction  to 
the  free  navigation  of  such  waters  on  account  of  insufficient  height,  width  of  span,  or 
otherwise,  or  where  there  is  difficulty  in  passing  the  draw  opening  or  the  draw  span  of 
such  bridge  by  rafts,  steamboats,  or  other  water  craft,  it  shall  be  the  duty  of  the  said 
Secretary,  first  giving  the  parties  reasonable  opportunity  to  be  heard,  to  give  notice 
to  the  persons  or  corporations  owning  or  controlling  such  bridge  so  to  alter  the  same  as  to 
render  navigation  through  or  under  it  reasonably  free,  easy,  and  unobstructed;  and  in 
giving  such  notice  he  shall  specify  the  changes  recommended  by  the  Chief  of  Engineers 
that  are  required  to  be  made,  and  shall  prescribe  in  each  case  a  reasonable  time  in 
which  to  make  them.  If  at  the  end  of  such  time  the  alteration  has  not  been  made,  the 
Secretary  of  War  shall  forthwith  notify  the  United  States  district  attorney  for  the 
district  in  which  such  bridge  is  situated,  to  the  end  that  the  criminal  proceedings  herein- 
after mentioned  may  be  taken.  If  the  persons,  corporation,  or  association  owning  or 
controlling  any  railroad  or  other  bridge  shall,  after  receiving  notice  to  that  effect,  as 
hereinbefore  required,  from  the  Secretary  of  War,  and  within  the  time  prescribed  by  him 
willfully  fail  or  refuse  to  remove  the  same  or  to  comply  with  the  lawful  order  of  the 
Secretary  of  War  in  the  premises,  such  persons,  corporation,^  or  association  shall  be 
deemed  guilty  of  a  misdemeanor,  and  on  conviction  thereof  shall  be  pimished  by  a  fine  not 
exceeding  five  thousand  dollars,  and  every  month  such  persons,  corporation,  or  associa- 
tion shall  remain  in  default  in  respect  to  the  removal  or  alteration  of  such  bridge  shall 
be  deemed  a  new  offense,  and  subject  the  persons,  corporation,  or  association  so  offend- 
ing to  the  penalties  above  prescribed:  Provided,  That  in  any  case  arising  under  the 
provisions  of  the  section  an  appeal  or  writ  of  error  may  be  taken  from  the  district  courts 
or  from  the  existing  circuit  comics  direct  to  the  Supreme  Court  either  by  the  United 
States  or  by  the  defendants. 

"That  it  shall  be  the  duty  of  all  persons  owning,  operating,  and  tending  the  draw- 
bridges now  built,  or  which  may  hereafter  be  built  across  the  navigable  rivers  and  other 
waters  of  the  United  States,  to  open,  or  cause  to  be  opened,  the  draws  of  such  bridges 
under  such  rules  and  regulations  as,  in  the  opinion  of  the  Secretary  of  War,  the  public 
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The  fdlofwing  extract  from  a  Gov^nmeiit 
Department  of  Commerce  and  Labor  and  eatitted  ^^ 
the  light-House  Establishment/'  bears  upon  the  8idbpcl|v 

'"Ihat  any  peraon,  firm,  company,  or  corporation  required  igf'.Wll': 
Ug^t  or  fights  upon  any  bridge  or  abutments  over  or  In  any  nai^ 
fall  or  refuse  to  mamtrfiin  such  Ught  or  lights,  or  to  obey  any  of 
regulations  relating  to  the  same,  shall  be  deemed  guilty  of  a 
ject  to  a  fine  not  exceeding  the  sum  of  one  hundred  dollars  for 
daj  during  whidi  sudi  violation  shall  continue  shall  be  considered  ailiil 


It  is  not  worth  while  to  reproduce  here  all  the 
regulations  for  the  lighting  of  bridges  over  navigable 
ofllcers  of  any  company  owning  or  operating  such  straotmii 
respond  with  the  War  Department  so  as  to  ascertain  juafl 
quirements  are  in  respect  to  each  particular  case,  then 
to  such  requirements. 
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CHAPTER  LI 

HYDROGRAPHIC  SURVEYS   FOR  THE  BRIDGING   OP  NAVIGABLE 

WATERS 

From  the  preceding  chapter,  it  is  seen  that  the  War  Department 
requires  certain  data  submitted  along  with  the  application  for  a  permit 
to  bridge  any  navigable  stream.  To  secure  such  data  it  is  necessary 
to  make  a  survey.  While  it  is  being  made  it  is  well  to  enlarge  its  scope 
so  as  to  secure  all  the  information  required  in  determining  the  layout 
and  the  possible  treatment  of  the  river  so  as  better  to  protect  the  structure. 

The  best  site  having  been  settled  upon  for  the  location  of  the  bridge, 
it  remains  to  supplement  the  preliminary  survey  with  the  information 
needed  by  the  War  Department  in  passing  on  the  application.  The  first 
step  is  to  run  an  accurate  traverse  line  on  each  side  of  the  river  and  as 
near  the  bank  as  possible,  so  that  "cross  shots"  may  be  taken  as  a  check 
on  the  accuracy  of  the  work.  These  traverse  lines  should  extend  at  least 
one  mile  above  the  bridge  and  a  half  mile  below  it,  or  further  if  it  be 
necessary  to  locate  bends  that  will  affect  the  matter  of  shore  protection. 
These  two  traverse  lines  should  be  accurately  chained  and  their  angles 
(preferably  azimuths)  carefully  read,  so  that  with  the  "cross  shots"  a 
control  system  will  be  established  as  a  basis  for  the  further  work  of  get- 
ting topography  and  hydrography.  The  level  should  be  run  over  the 
traverse  lines,  and  an  elevation  should  be  established  at  each  angle  point 
for  future  use,  these  angle  points  thus  becoming  bench  marks. 

This  system  of  control  having  been  completed,  it  becomes  an  easy 
matter  to  start  from  any  of  the  angle  pohits  and,  by  stadia,  to  secure 
the  topography  of  the  valley  affected  by  floods,  and  to  locate  any  improve- 
ments in  the  area  under  consideration.  Also  frohi  these  same  angle  points 
the  positions  of  the  different  soundings  can  be  readily  located  by  stadia. 
This  method  requires  only  one  transit  and  one  transitman.  It  gives 
positive  results  which  cannot  be  obtained  by  the  method  of  trying  to 
get  the  boat  on  range  between  two  flag-poles.  It  has  a  further  advan- 
tage over  the  double  transit  method  in  that  the  stadia  method  is  definite 
for  all  points,  whereas  the  double  transit  method  becomes  uncertain  as 
the  two  lines  of  sight  approach  parallelism. 

For  the  purpose  of  making  soundings,  a  light  pole  graduated  in  feet 
and  tenths  is  best  for  shallow  streams  and  moderate  velocities.  For 
deeper  rivers  or  stronger  currents  a  lead  line  is  employed;  and  a  fine 
steel  wire  and  heavy  lead  may  be  used  for  very  swift  current.  The  man- 
making  the  soundings  gives  the  signal  to  the  transitman  on  shore  as  to 
when  to  observe  position;  and  at  the  samfe  time  he  notes  the  depth  and 
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calls  it  to  the  assistant  in  the  boat,  who  records  the  exact  time  and  the 
depth.  Care  must  be  taken  to  ensure  that  the  pole  or  lead  line  is  ver- 
tical and  that  the  lead  is  on  the  bottom.  It  is  absolutely  essential  that 
all  the  watches  of  the  party  used  in  recording  time  agree  precisely;  for 
if  not,  serious  trouble  may  be  encountered  in  the  plotting.  The  transit- 
man  on  shore  reads  the  azimuth  and  the  stadia  and  notes  the  exact  time, 
recording  all  three  of  these  in  his  book,  either  personally  or  by  calling 
them  to  an  assistant.  The  vernier  is  left  undamped  for  rapid  motion 
of  the  transit,  which  is  preferably  controlled  with  the  left  hand  follow- 
ing the  motion  of  the  boat.  The  telescope  should  be  clamped  on  the 
horizontal  axis  and  manipulated  by  the  gradienter  screw  with  the  right 
hand,  the  watch  lying  open  on  the  plate  of  the  instrument.  With  a 
little  practice  the  motion  of  the  boat  can  readily  be  followed  and  read- 
ings rapidly  made.  The  transitman  signals  the  boat  when  he  is  through 
making  an  observation.  Where  the  shots  are  not  too  close  together  he 
can  do  his  own  recording;  but,  otherwise,  he  will  require  an  assistant  to 
keep  the  notes.  On  clear  days  half  mile  shots  can  be  taken.  The  stadia 
board  can  be  slipped  into  a  socket  in  the  boat,  prepared  for  that  pur- 
pose; and  it  can  be  steadied  by  one  of  the  crew. 

The  plotting  of  these  notes  is  a  simple  matter  and  can  readily  be 
done  with  a  large  paper  protractor  and  paper  scale.  The  soundmgs 
should  be  reduced  to  elevations  so  that  contours  can  be  drawn  for  the 
river  bed  as  well  as  for  the  flood  plain.  All  data  pertaining  to  high  and 
low  water  lines  should  be  placed  on  the  map. 

It  will  be  necessary  to  ascertain  the  direction  and  strength  of  tiie 
current.  If  a  current  meter  is  not  available,  floats  can  be  used  for  the 
purpose.  A  piece  of  4"  X  4"  timber  about  three  feet  long  makes  a  good 
float.  It  can  be  loaded  at  one  end  with  pieces  of  iron  so  that  it  will  re- 
main vertical  in  the  water,  weight  enough  being  used  to  submerge  the 
stick  to  within  a  few  inches  of  the  water's  surface.  By  having  a  hole  at 
the  end,  a  small  flag  can  be  employed,  thus  insuring  that  the  float  will 
be  readily  seen  by  the  observer  on  shore.  The  float  can  be  dropped  from 
the  boat,  the  position  of  which  is  determined  by  the  transitman  in  the 
manner  previously  described;  and  it  can  be  picked  up  by  another  boat 
lower  down  stream,  the  signal  being  given  at  the  same  instant  to  note  the 
position  and  the  exact  time.  If  two  boats  are  not  available,  range  poles 
can  be  used  for  the  lower  station,  and  a  man  located  on  shore  in  line 
with  the  poles  so  as  to  signal  the  transitman  when  the  float  crosses  the 
line.  It  would  be  best  to  repeat  this  observation  several  times  in  order 
to  obtain  a  reliable  average.  The  boat  can  follow  the  float  down  and 
pick  it  up  after  it  crosses  the  line.  In  case  of  a  wide  stream  it  would  be 
best  to  measure  the  velocity  along  different  longitudinal  sections  of  the 
channel.  It  should  be  remembered  that  the  velocity  thus  ascertained  is 
surface  velocity,  and  is  less  than  the  maximum  and  greater  than  the 
mean. 
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These  various  data  should  be  incorporated  into  a  neat  hydrographic 
map  and  profile  for  presentation  with  the  application.  The  map  should 
show  the  banks  of  the  stream*,  the  location  of  the  proposed  bridge,  the 
high  and  low  water  lines,  the  observed  water  lines,  the  different  directions 
and  velocities  of  the  current,  and  the  soundings  giving  the  depths  at  the 
various  points  as  actually  recorded.  The  survey  should  be  properly 
tied  in  to  a  section  comer  so  that  its  location  can  be  identified  on  any 
of  the  standard  maps. 
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^m^stiom.    T6  do  this  the  eoi^Deor  n^ 
lioider^aii^  pAndfim  of  the  sdeooe  liF 
and  abo  a  leaOwtioii  of  whose  eje  he: 
ipfcil  liimdati     ci  ssthetics  is  of  the  sabjeetbe 
rion  made  oa  the  mind  of  the  obaenw 
W^-  TOTtag  either  one  of  these  basic  facton  ({.  iL,  tib 
|iil  ifiq^iMSS^      or  the  eactmoal  object  causnig  it)  the 
Witness  the  different  conceptions  of  the 
tgr  the  various  divisions  of  the  human  cfpedes  dhiJri)P|||^^ 
of  thdr  evolution.    Tlie  condition  of  mental 
mnoh  to  do  with  the  pleasing  effect,  or  lack  of  it,  pcodiioid' 
Hence*  the  science  of  sesthetics  is  of  a  relative  orckr  iiiii' 
cliange  with  the  developing  mind.    We  cannot  as  yel 
as  absolute  and  immutable.    Such  a  condition  can 
when  the  underlying  basic  principle  of  artistic  science  ii 
peychology  and  expressed  in  terms  thereof.    That  bfidb 
account  for  and  predict  the  changing  standards  and  preoep#| 
This  point  of  view  is  valuable  in  approaching  the  subjeet 
sign  and  in  selecting  a  standard  of  excellence  by  which  1(^1 
deficiencies  of  engineering  structures  from  the  ssthetic 
Artists  and  architects  have  formulated  various  tenets 
centuries  defining  their  conceptions  of  the  artistic.    Tb 
neer  must  look  for  his  first  provisional  standard  for 
bering  their  origin  and  the  conditions  attending  it.  as  w^  aa^ 
limitations  surrounding  any  such  standard. 

The  best  presentation  that  the  author  has  ever  seen  of  tlM^J 
underlying  artistic  design  as  related  to  bridges  is  that  of  Ib&lv 
late  Henry  Van  Brunt,  Esq.,  who  at  the  time  of  its  writing  li 
edged  by  his  professional  brethren  to  be  one  of  the  foremiikii 
ters  of  the  science  of  architecture.  Upon  request  Mr.  VM§^ 
forth  his  ideas  in  a  letter  to  the  author,  written  specially  mf| 
hi  his  De  PorMma;  and  as  the  truths  stated  therein  1^;^ 
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today  as  they  were  at  the  time  they  were  written,  the  said  letter  is  here- 
with reproduced. 


It 

u 


My  Dear  Mr.  Waddell: 

After  looking  over  a  portion  of  your  instructive  treatise  on  bridges,  I  find  it  quite 
impossible  to  comply  with  your  request  to  furnish  you  with  practical  suggestions  from 
an  architectural  point  of  view  as  to  grace  and  beauty  of  design  in  such  structures.  As 
these  qualities  must  be  developed  from  the  structure  itself,  as  they  must  be  evolved 
from  its  inherent  economical  and  practical  conditions,  and  as  they  cannot  be  success- 
fully applied  to  it  as  an  afterthought,  it  would  be  imbecoming  for  any  layman  to  at- 
tempt to  show  by  what  process  this  evolution  is  to  be  accomplished.  The  problem  is 
na^  an  easy  one;  it  is  not  to  be  solved  by  theory,  or  by  any  accident  of  invention  or.in- 
genuity.  At  present,  at  least,  it  can  only  be  treated  on  general  lines.  Indeed,  there  is 
no  one  living,  I  fear,  who  can  suggest  a  specific  and  easily  applied  remedy  for  that  dis- 
ease of  engineering  which  is  expressed  in  the  curious  fact  that  the  most  perfect  results 
of  science,  at  least  in  the  art  of  steel-bridge  building  as  now  understood  and  inculcated, 
do  not  recognize  any  theory  of  beauty  in  line  or  mass. 

"It  is  the  business  of  the  architect  to  express  structure  and  purpose  with  beauty. 
It  is  the  businesB  of  the  engineer,  as  I  understand  it,  to  make  structures  strong,  durable, 
rigid,  and  economical;  to  apply  piu^  science,  excluding,  as  a  matter  of  principle,  any 
device  of  art  which,  for  the  sake  of  mere  ornamentation,  may  add  to  his  fabric  a  pound  of 
unneceasary  weight  or  a  dollar  of  unnecessary  cost. 

"  It  cannot  be  denied  that  to  whatever  extent  the  exercise  of  this  principle  may  have 
affected  the  practice  of  engineers,  they  have  succeeded,  especiaUy  as  regards  bridge- 
building,  in  developing  a  structure  which  is  in  every  essential  respect  orderly,  con- 
sistent, and  progressive  from  a  practical  point  of  view.  From  year  to  year  this  develop- 
ment toward  mechanical  perfection  has  been  plainly  visible.  The  structure  of  ten 
years  ago  has  been  reasonably  and  properly  superseded  by  another  and  better  structure, 
indicating  a  process  of  growth  without  a  shadow  of  caprice;  in  this  process  discovery  and 
invention  have  had  their  proper  influence,  imintemipted  by  any  conservative  prejudice 
or  by  any  theory  of  design  which  does  not  rest  directly  on  practical  considerations. 
But,  as  I  have  already  observed,  this  admirable  and  prolific  progress  has  not  carried 
with  it  a  corresponding  progress  in  grace  and  beauty  of  design.  In  fact,  these  qualities 
seem  to  appear  in  an  inverse  proportion  to  the  development  of  the  structural  scheme 
toward  the  practical  idea  of  strength,  stability,  and  economy.  Consequently  the 
stit>nger,  the  more  rigid,  the  more  economical  the  structure,  the  more  uncompromising 
and  the  more  hopeless  it  seems  to  be  in  respect  to  beauty.  The  modem  steel-girder  or 
cantilever  bridge,  while,  according  to  our  present  knowledge,  it  is  perfectly  adapted  to 
its  uses  and  functions,  is  in  nearly  every  case  an  offense  to  the  landscape  in  which  it 
occurs.  Its  lines,  since  they  have  ceased  to  be  structural  curves,  have  become  hard  and 
ascetic  mathematical  expressions,  and  have  not  been  brought  into  any  sympathy  what- 
ever with  the  natural  lines  of  the  stream  which  it  crosses,  of  the  opposite  banks  which 
it  connects,  of  the  meadows,  forests,  and  mountains  among  which  it  is  placed.  All 
sylvan  effects  of  harmony  are  shocked  by  its  discordant  intrusion.  The  vast  aqueducts 
of  the  Romans,  the  arched  bridges  of  stone,  the  catenary  curves  of  the  modem  suspen- 
sion bridges  with  their  high  towers,  and  some  forms  of  bridges  constructed  with  bow- 
string girders,  are  more  or  less  affiliated  with  the  natural  conditions,  so  that  they  give 
no  &lKx;k,  save  frequently  of  pleasure  at  their  expression  of  grace  and  fitness.  But  we 
are  assured  that  these  structiu^l  forms  are  obsolete  or  are  becoming  obsolete,  and  that 
the  straight  bridge-truss  spanning  from  pier  to  pier,  the  cantilever  overhanging  the 
perikms  abyea,  the  pivoted  draw-span,  all  constructed  with  cold  geometrical  precision, 
with  hard,  unfeeling  lines  of  tension  and  compression,  have  taken  their  place,  to  the  great 
advantage  of  the  railroads  and  the  greater  security  of  the  public.  It  is  in  vain  that  the 
conscientious  engineer  occasionally  attempts  to  compromise  with  grace  by  ornamenting 
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iiitt  0il%  whioh  li  wanting  in  our  mamotit 
'ir  -'^fmi^  it  magr  be  mid,  if  a  ated^niaied  bridge, 
jjjeowJBg-to  our  prewnt  fii^t,  offends  our  ideab  of  gmoe  and 
ll  S0t  in  the  stnacture,  but  in  the  rigidity  and  immohiiitgr  of  tte* 
SilibHihed  by  eonditkwns  long  smee  outgrown  in  the  piogrois  of 
of  Hie  Bni^  biidge4yuilden  in  iron  in  the  eariy  part  of  the 
ideas  resulted  m  oonstruetions  whidii  though  th^  may  sslW!f 
and  eombme  more  or  km  graoefuQy  with  tlie  landsoape^  are 
seientifio.    The  princq»les  of  stnicturo  inydved  are  ineoneol 
penee  was  incurred  in  forcing  into  the  desiga  features  iii.siiiisiliimii^j^'j 
iriiksh  had  nothing  to  do  with  tlie  stracture.  and  which  in  fast  wetii 
eoeoeating  rather  than  illustrating  it. 

^'Ihe  architect  will  not  find  it  difficult  to  agree  with  liis  brotbasi^ 
a  mask  of  ornamental  cast  iron,  covering  the  eeeential  f eaturea  ot  Itil, 
to  force  upon  it  an  effect  of  grace,  ia  illogical  in  the  extreme.    JUise^^ 
master  of  architecture  has  laid  down  the  aximn:  'A  fonn  whieh 
turn,  or  which  is  mere  caprice,  cannot  be  beautiful;  and  in  arofaiteetaei; 
form  whidi  is  not  inspired  by  the  structure  ou^t,  therefore,  to  be 
soientious  modem  architect  aims  to  shi^  his  design  according  to  this 
tion,  and  he  lias  been  therd>y  enabled  to  produce  occasional  effseti  ef 
imposing  on  his  composition  a  single  idea  which  ia  not  suggested  fHHmt^i 
or  by  the  use  of  the  building.    Ev^i  a  factory,  a  gasometer,  *  railwagr 
need  not  challenge  the  architect  in  vain  to  produce  effects  of  fitness  not 
tent  with  the  requirements  of  art.    Indeed,  the  engineer  himsdf,  with 
of  art,  has,  in  the  evolution  of  the  roof-truss,  the  locomotive^  JMI 
machines,  succeeded  in  satisfying  ideals  of  beauty  in  the  veiy  prooass  # 
powerful,  compact,  and  economical  of  material  and  space.    The  mndffriii 
war-ship  has  already,  in  tins  early  stage  of  its  rapid  development^ 
ideas  of  maritime  beauty,  speed,  and  strength  which  prevailed  in  the 
the  othor  great  historical  admirals,  and  which  were  celebrated  in  the 
and  CampbeU,  an  entirely  different  ideal,  hardly  less  imposing,  thoQi^  SMk 
poetic  recognition.    But  the  evolution  of  the  steel-trussed  bridge  has 
neither  old  ideals  of  beauty,  nor  has  it  made  new  ideals.    Its  "w^tlal 
apparent  disregard  or  contempt  for  grace  of  outline  or  elegance  of  delaft> 
seems  to  be  inherent  in  the  present  approved  structural  system  of 
straight,  open-trussed  girders  or  cantilevers,  resting  on  rigid  verlisiA 
or  iron,  without  regard  to  any  other  considerations  excepting  those 
requires  to  be  satisfied  as  well  as  the  trained  intelligence,  and  demaiidili||] 
proportion,  but  a  certain  decorative  emphasis  expressive  of 
{ffimitive  post  and  lintel  structure  of  stone  was  as  hopeless, 
derivative,  the  steel-trussed  bridge,  until  the  Greeks,  with  unecriagf 
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verted  It  by  perfectly  rational  processes  into  that  ideal  expression  of  beauty  which  is 
known  as  the  Doric  order.  This  Doric  order  is  a  structure  which  depends  less  upon 
subsidiary  decoration  than  upon  proportion  for  its  unparalleled  success  as  a  work  of 
art.  Hie  Parthenon  would  still  be  lovely  without  the  sculptures  of  its  friezes, 
metopes,  and  pediments.  Its  colunms,  reduced  to  dimensions  which  encumber  them 
with  no  useless  brute  mass  of  material,  were  so  treated  with  entasis,  capital,  and 
fluting  as  to  express  exactly  members  in  vertical  compression;  its  lintels  were  so 
sobdivided  as  to  draw  attention  to,  and  to  illustrate,  all  their  functions  in  the 
structural  scheme.  They  contained  no  features  of  caprice  or  fancy.  Now  the 
esBential  qualities  of  the  steel-girder  bridge  differ  from  those  of  the  post  and  lintel 
of  the  Greeks  because,  in  the  former,  the  structure  of  the  lintels  permits  of  a 
ifider  spacing  of  the  posts,  and  the  posts  have  assumed  the  dual  function  of  piers 
for  vertical  support  and  of  buttresses  to  withstand  the  horizontal  pressures  of  the  stream 
in  which  they  are  built;  the  lintels,  in  their  turn,  have  lost  their  quality  as  compact, 
sdid,  homogeneous  masses,  have  be»i  resolved  into  distinct  elements,  and  have  become 
a  complicated  and  highly  artificial  openwork  contrivance  of  light  steel  members,  which 
in  their  dimensions  and  articulations  have  been  so  combined  in  tension  and  compression 
as  to  produce  a  structure  capable  of  sustaining  without  change  of  form  not  only  its  own 
weight  between  bearing  points  far  apart,  but  that  of  moving  trains,  and  of  bearing  with- 
out detriment  vibrations  and  wind-pressures,  and  the  expansion  and  contraction  of  its 
material  by  changes  of  temperature. 

"These  compoimd  lintels  or  trusses  are  in  themselves  triumphs  of  mind  over  matter. 
At  this  moment  they  express  a  stage  of  evolution  which  has  been  in  process  for  a  century, 
and  which  doubtless  will  continue  to  develop  in  directions  impossible  to  anticipate. 
They  are  structures  not  dedicated  to  the  immortal  gods,  like  the  post  and  lintel  of  the 
GredL  temples,  the  decorative  character  of  which  was  largely  inspired  by  religious  emo- 
tions, but  devised  to  meet  secular  and  practical  conditions  of  an  exceedingly  unpoetic 
and  unimaginative  character.  The  mind  of  the  architect  appreciates  the  fine  economy 
of  these  sensitive  and  complicated  organisms,  but  it  also  recognizes  that  they  are  still  in 
active  process  of  development;  that  they  are  on  trial,  and  will  not  reach  final  results  until 
they  shall  have  assumed  those  conditions  of  grace  and  beauty  which  are  essential  to 
completion.  It  is  evident  enough  that  all  the  features  of  perfection  in  animals  have  been 
very  gradually  evolved,  by  survival  of  the  fittest  and  by  adaptation  to  use,  from  the 
awkward  and  monstrous  shapes  of  the  antediluvian  period;  that  geological  erosion  and 
drift  have  clothed  the  naked  rocks  with  beauty;  and  that  the  whole  vegetable  creation 
has  been  improved  by  art.  Nature  herself  is  not  contented  with  inelastic  dogmas.  In 
like  manner,  the  locomotive,  the  steam-engine,  the  modem  war-ship,  have  all  become 
objects  of  awful  beauty,  not  because  of  the  imposition  of  unnecessary  features,  but  be- 
cause of  the  natural  and  reasonable  growth  of  their  essential  structure. 

"If,  therefore,  the  ugly  character  of  the  present  steel-trussed  bridge  is  in  itself  a 
proof  of  the  inmiaturity  of  the  science  which  has  produced  it,  the  remedy,  of  course,  must 
reside  in  the  perfecting  of  the  science,  and  this  process  of  perfecting  will  be  quickened,  if 
beauty  is  recognized  in  engineering  as  it  is  in  architectiu^,  as  an  aim  and  not  as  an 
accident  of  growth.  The  architect  guides  and  hastens  this  progress  towards  the  perfect 
type  by  fxmdamentally  composing  his  structure  with  a  view  to  an  agreeable  proportion  of 
its  parts;  in  detail  he  studies  to  emphasize  the  special  and  important  points  of  his  struc- 
ture by  a  decorative  treatment  which  shall  indicate  conventionally  the  character  of  the 
W(^  accomplished  at  these  points.  It  is  true,  perhaps,  that  the  structural  forms  of 
materials  with  which  the  engineers  have  to  work,  especially  in  bridge-building,  are 
hardly  so  elastic  and  manageable  as  ihose  at  the  command  of  the  architect  even  in  his 
simplest  and  most  severely  practical  problems;  but  it  is  none  the  less  true  that  the  train- 
ing of  the  engineer  leads  him  too  often  to  an  absolute  disregard,  if  not  contempt,  for  those 
refinements  of  proportion  and  outline,  and  for  all  those  delicate  adaptations  and  ad- 
justments of  detail,  which,  though  perhaps  separately  slight,  and  apparently  of  small 
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y  Wram  tiie  foregoing  letter  we  may  gather  bjr  <firMi 
l^pUcaiJoa  the  following  precepts. 

1.  A  structure  must  be  in  harmony  with  its 
appear  as  an  intrusion  thereon.  ^ 

2.  Good  general  lines  are  first  necessary  as  a  baabii  Hiili 
scale  or  proportion  of  parts. 

3.  M^  ornamentation  generally  affronts  the  sense  djt 
fiitoess. 

4.  Methods  of  nature  always  culminate  in 
Methods  of  nature  also  culminate  in  the  survival  of  the 
our  conceptions,  of  beauty  have  as  a  basis  functional 

5.  Owing  to  man's  mental  inertia,  the  rigidity  and  t 
ideals  established  by  old  conditions  prevent  proper 
progress  of  science  and  of  the  needed  modifications  in 

6.  A  form  which  admits  of  no  explanation,  or  which  is 
cannot  be  beautiful.  It  must  have  and  show  some  purpose 
relation. 

7.  Each  part  of  any  structure  should  be  treated  in  BttCil.||^ 
its  fimction  therein  shall  be  apparent  and  emphasized 
importance  of  that  function. 

8.  Such  emphasis  may  be  attained  by  decorative  treat]il6|||' 
conventionally  the  character  of  the  work  accomplished  by 

9.  Different  kinds  of  material  used  in  structiures  o$fl 
treatment  and  varying  esthetic  standards.  J  ^^t^> 
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10.  The  present  steel-trussed  bridge  is  inherently  ugly;  but  with  the 
further  perfecting  of  the  science  of  bridge  design,  and  a  recognition  of  the 
fact  that  beauty  is  an  aim  and  not  an  accident  of  growth,  sBsthetic  forms 
will  be  evolved. 

The  underlying  thought  connecting  these  precepts  is  that  the  struc- 
ture must  be  fitted  for  the  work  it  is  to  do,  that  it  should  express  the 
truth,  and  that  imitations  and  falsities  are  vicious  and  outside  the  realm 
of  rational  aesthetics. 

Let  us  proceed  to  consider  more  in  detail  the  several  precepts  above 
formulated.  To  secure  harmony  between  the  structure  and  its  environ- 
ment means  the  merging  of  its  general  outlines  With  those  of  the  land- 
scape. In  this  connection,  it  should  be  remembered  that  the  bridge  will 
likely  be  seen  from  various  angles,  and  that  each  view-point  will  cause 
its  own  individual  impression.  In  case  of  conflicting  impressions,  it  be- 
comes a  matter  of  good  judgment  as  to  which  should  control.  The  merg- 
ing of  outlines  can  usually  be  secured  by  attention  to  the  approaches, 
by  extending  the  hand-rails  beyond  the  structure  proper,  or  by  curving 
the  wing-walls  of  the  abutments.  A  small  arch  or  girder  span  can  often 
be  given  dignity  by  lengthening  the  approach  walls  or  hand-rails.  An 
illustration  of  this  is  the  Wabash  Railroad  Bridge  over  the  main  drive 
entrance  to  Forest  Park,  St.  Lrouis,  Mo.,  shown  in  Engineering  News,  Vol. 
LII,  page  431.  An  example  of  the  disregard  of  this  principle  is  the  arch 
at  Multnomah  Falls  on  the  Columbian  Highway,  Oregon,  in  which  an  ex- 
tension of  the  hand-rail  on  the  right  bank  would  have  tied  the  structure 
into  the  ground  and  prevented  the  unpleasant  feeling  of  abruptness  that 
must  inevitably  strike  the  observer.  This  defect  could  readily  be  over- 
come by  planting  shrubbery  in  a  mass  at  the  end  of  the  present  hand- 
rail, thus  permitting  the  structure  to  merge  into  the  landscape. 

The  achievement  of  good  general  lines  is  best  attained  by  a  study 
of  the  profile  of  the  structtu-e. 

There  is  no  feature  of  a  bridge  so  pleasing  to  the  eyes  of  aU  observers, 
cultivated  and  ignorant  alike,  as  perfect  symmetry  in  the  layout  of  spans; 
consequently  it  should  be  attained  whenever  practicable,  even  if  some 
extra  expense  be  involved  thereby.  Unfortunately,  the  conditions  are  not 
always  favorable  to  perfect  symmetry  of  design;  for  the  bed-rock  will 
often  dip  rapidly,  and  thus  necessitate  the  use  of  spans  of  different  lengths, 
and  the  channel  of  the  river  often  refuses  to  keep  at  midstream,  persist- 
ing in  hugging  one  shore.  In  such  cases  it  becomes  necessary  to  do  the 
best  one  can  with  the  unfavorable  conditions,  and  to  make  the  structure 
sightly,  if  not  sjrmmetrical.  If  there  be  a  draw-span  on  one  side  of  the 
river,  it  is  best  generally  to  make  all  of  the  fixed  spans  alike.  Should 
each  successive  span — because  of  the  gradual  shelving  off  of  the  bed-rock, 
and  for  the  sake  of  economy — ^be  made  longer  as  the  bod-rock  deepens,  the 
result  will  be  unsightly,  even  if  the  increment  of  span  length  be  regular, 
for  the  reason  that  to  an  observer  there  is  no  apparent  motive  for  thus 
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iMiMdir,  flM*«?|fr  it  inagr  be 
lor  the  structme.    If 
iiiiAlte  piin^^  parte  aod  peeo&r 
ir^  be  w^uafied  aiid  Us  goMEet 
rite  «eeier  the  appKOBek  to  perfeet  iffiiMiiiii|fi 
imi&ifi^  the  more  thorough  will  be  Ue 
^ipiflk  el  the  etmcture. 
^'    !]pie  outime  of  a  bridge  flhould  not  be 
iiwMli  diengeB  m  outlhie  be  too  abrupt,  unlesB  iJMe  ll:  i^^ 
wm^hetdof,  euch,  for  instanoey  as  a  heavy  iiiterveillBt 
iMMil  effeete  are  secured  by  outfines  chan^ng  hf  eeqr 
ioiiii  to  aiioiher.    An  ezamide  illustrating  abri^  ehaiiigi 
lidc  of  prcfpet  transition  is  that  of  the  QucagOi  MSkmflillm^: 
Siibray  Qkmpaay^B  bridge  at  Sixteen  Mile  Creek  aesi 
lti&a»  ffluirtrated  in  Jacoby  A  Davis's  bocdL,  ''FoondatMil 
^^uSdingB,"  page  450.    la  case  of  simple  truss  spaiie^  ii 
dmrd  9ving  the  effect  of  a  smooth  curve  adds  naioh  to  ttti; 
as  Hrell  as  to  the  economy.    The  harsh  outlines  of  a 
generally  be  relieved  by  making  the  diords  wimnlate  a 
cantilevers  offend  in  this  respect.  Ml 

In  proof  of  this  statement  are  offered  the  layouts  ebMN 
and  25«,  representing  two  great  Mississippi  River  blidgii^ 
Memphis  and  that  at  Thebes.  These  constructions  are 
In  respect  to  the  latter  structure  the  auth(»r  made  a 
<m  the  basis  of  using  simple  spans  of  the  same  length  as  |lM|^ 
tilever  bridge.  He  foimd  the  former  layout  to  be  no 
and  he  is  confident  that  it  is  much  the  more  nsthetici  in^spitll 
that  it  did  not  win  in  the  competition.  It  is  illustrated  lb 
central  span  having  a  length  of  672  feet  and  each  of  th# 
length  of  522  feet.  The  former  is  simply  a  proportioDal 
the  others.  It  might  have  improved  ^e  appearance  to 
spasi  472  feet  long  and  each  span  adjacent  thereto  572  iMjk 
to  obtain  a  gradual  increase  of  importance  in  spans  from HkH 
structure  to  the  middle,  as  shown  in  Fig.  52d,  but  th# 
conditions  did  not  permit.  Moreover,  the  change  wouldi 
slightly  the  total  weight  of  metal,  and  the  pound  price  wo^lilr 
augmented  a  little  because  of  the  reduction  in  the  amounts  W 
In  the  last  figure  it  will  be  noticed  that  the  proportioittdl 
cess  adopted  for  the  submitted  design  has  been  carried  in||| 
the  minor  spans,  and  that  the  effect  thereof  is  pleasing.       :  )i 

As  further  evidence  that  it  is  possible  to  make 
SBsthetic,  there  is  shown  in  Fig.  52a  a  photographic  stitd^f^ 
proposed  bridge  across  the  entrance  channel  to  the 
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Cuba.  It  is  submitted  that  the  outlines  have  a  graceful  appearance,  and 
that  the  layout  is  quite  economic,  for  the  distance  from  centre  to  centre 
of  main  piers  was  fixed  by  local  conditions,  and  it  was  found  advisable 
to  make  the  suspended  span  as  long  as  practicable  in  order  to  provide 
a  wide  opening  for  the  full  clear  headway.  The  leading  dimensions  of  the 
proposed  structure  are  as  follows. 

Main  opening  from  centre  to  centre  of  piers 808  feet 

Length  of  suspended  span 400  feet 

Length  of  each  cantilever  arm 204  feet 

Length  of  each  anchor  arm 200  feet 

Vertical  clearance  above  water  at  mid-span 196  feet 

Ditto  at  ends  of  suspended  span 190  feet 

Width  of  main  roadway 42  feet 

Width  of  each  sidewalk 8  feet 

Grades  in  each  direction  to  middle  of  suspended  span,  5  per  cent. 

Attention  is  called  to  the  spiral  approach,  which  is  described  in 
Chapter  XLV. 

Attention  is  called  also  to  a  novelty  in  the  picture  shown  in  Fig.  52a, 
fw  it  represents  the  structure  as  it  will  really  appear  after  completion. 
The  way  this  effect  was  obtained  was  as  follows: 

There  was  purchased  from  a  Havana  photographer  a  long  panoramic 
photograph  of  the  city,  the  harbor,  and  the  adjacent  vacant  land  on  the 
left-hand  side  of  the  channel  as  one  enters;  and  the  camera  position  of 
the  picture  was  marked  on  a  plan  of  the  location  and  of  the  bridge,  a 
profile  of  the  latter  being  also  shown  on  the  same  sheet.  A  thorough 
study  of  the  principles  of  panoramic  perspective  made  it  possible  to  con- 
struct the  picture  of  the  bridge  and  its  approaches  on  the  large  photograph, 
which  was  afterward  reduced.  The  result  was  so  successful  that  many 
people  have  been  deceived  by  it,  thinking  for  a  while  that  the  photo- 
graph was  taken  from  the  finished  structure.  Of  course,  a  careful  exam- 
ination of  the  picture  will  quickly  show  the  incorrectness  of  such  a  first 
impression.  In  the  preparation  of  this  picture  the  author  was  aided  by 
Sefior  Horacio  Hevia,  a  young  Cuban  draftsman,  to  whose  good  taste 
and  ability  is  due  the  satisfactory  style  of  its  finish. 

This  device  can  be  used  to  great  advantage  in  studying  the  aesthetics 
of  any  layout,  for  it  enables  one  to  determine  how  the  completed  structure 
will  actually  look. 

The  last  design  of  the  Quebec  Bridge  submitted  by  the  commission 
of  engineers  is  inferior  in  sesthetics  to  the  design  of  the  structure  which 
failed,  as  the  chords  of  the  former  are  in  straight  lines  which  intersect  each 
other  abruptly.  The  ends  of  the  structure  also  oflFend  the  eye  by  their 
abrupt  termination.  By  making  some  slight  changes  in  the  outline  it 
would  have  been  practicable  to  improve  greatly  the  appearance.    Com- 
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Ja  maxiy  bridgee  what  would  otherwise  feie# 
by  the  introduction  oi  maasiye  omameotftl  poirli^  ii 
mre  towers  at  the  intermediate  pleiB.    EurofieBii 
rsiiieot  more  than  American  structures.     Thramjliis  ot 
ftfidge  at  London,  the  Rhine  Bridge  at  Maim,  add[ 
Bridgd  over  the  Bhine.    A  comparison  of  the 
witib  those  oi  the  Brooklyn  Bridge,  the  Eads 
Gheetnut  Street  Bridge  over  the  Schuylkill  River  0 
the  Washingbm  Bridge  over  the  Hariem  River  m  N 
grsatlb^  to  the  advantage  of  the  American  desiBttj^^ 
their  simplicity  aa  contrasted  with  the  over-omamem 
structures. 

It  is  not  permissible  to  correct  the  hard,  rigid  cniS3a(^0 
the  use  of  additional  parts  which  falsely  proclaim  a 
for  ihe  members  or  confiise  their  action  in  the  structure, 
of  an  offense  of  this  nature  is  that  of  the  New  York 
Belt  line  Bridge  over  Ck)lvin  Street  in  Buffalo,  N.  Y«,  ai 
page  404  of  Jacoby  &  Davis's  ''Foundations  of  BridgeSAiiild 
There  the  attempt  was  made  to  give  the  plate  girdor 
an  arch  effect  by  introducing  elongated  curved  brackets 
flanges  of  the  girders  and  adjacent  to  the  posts.    The 
struction  is  made  conspicuous  by  the  continuation  of 
angles  in  a  straight  line  over  the  full  length  of  the 
offense  to  the  eye  occurs  in  the  lightness  of  the  tapering 
construction  and  their  evident  insufficiency  to  withstand 
such  construction  would  put  on  them  when  the  bridge  i$ 

In  addition  to  adopting  a  pleasing  outline  or  pto^ 
attention  must  also  be  paid  to  the  scale  or  proportion  of 
is,  the  parts  should  bear  a  harmonious  relation  to  eadl 
whole,  and  should  appear  to  be  of  the  same  conception  ancl' 
were  details  taken  from  other  structures  and  illogical|f 
In  this  connection  it  must  be  recognized  that  habit 
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rtKm  can  have  no  other  j 
l||ii|r  lAiar  or  to  cmiduifliie  the  fimcticKi  of  a 
W^itibsu^im  must  be  made  betweoi  ^pintyixiate  asift 
l/tkf  w^  and  6]q)^8ive  and 

■|wB|8^^  iHi3e  H  »  always  propor  to  adapt  the 
l&e^  i^^  the  most  graceful  effect,  pro^AUi 

'mia0m  ci  conatructive  excellence  be  theretor  jbyQifii^ 
IneiHiod,  it  wotdd  ctften  be  kgudicious  to  esqpend 
tion.    The  builder  probably  cannot  spare  the  moDeir^ 
the  structure  may  be  such  that  any  extra  expeoiflt 
would  be  absolutely  wasted.    If  a  bridge  is  to  be 
be  seen  constantly  by  many  people,  it  is  well  to  spmM 
make  it  fflgbtlyi  beautiful,  and  in  keeping  with  ito 
when  it  is  to  be  placed  in  a  dense  forest  or  on  a  aand^j 
would  seldom  be  seen,  it  would  be  folly  to  spend  any 
stniction  than  is  called  for  by  the  engineering 
ditioDS,  due  allowance  being  made,  of  course,  for  a 
the  forest  or  desert  in  the  not  very  distant  future 
bridge  dedgners  have  been  guilty  of  violating  this  econottfa^ 

Functional  efficiency — ^tbe  ability  of  any  member  or  dSfbiit 
the  duty  assigned  it  in  an  efficacious  way — ^is  a  most 
If  any  part  can  be  rendered  more  efficient  by  a 
a  change  is  to  be  made.  It  may  mean  that  our  ffistfaetfe 
require  some  readjustment,  but  the  ultimate  outcome  wflS  b^ 
izing  of  that  standard  with  the  attainment  of  imtYiTninn 
as  an  example  the  case  of  curved  struts.  There  ha^Te 
of  such,  and  even  users  thereof,  in  large  and  importaiifc 
the  mind  trained  in  stress  analy^  this  is  a  monstrosity 
ated.  As  a  better  understanding  and  greater  appredatipjl 
ciples  of  mechanics  come  to  the  lajman,  a  change  in 
take  place.  This  brings  us  once  more  to  the  question 
engineer  should  attempt  to  satisfy. 
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leads  by  antithesis  to  the  next 
members  or  parts,  then, 
ive  necessary  should  have  that 
indi  treatment  as  will  fittingly 
-tibe  construction.  Many  struc- 
,  especially  those  of  masonry 
breed  concrete  of  late  years  has 
qpans,  a  type  of  structure. that 
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admits  of  sesthetic  treatment  far  more  readily  than  do  truss  spans.  Many 
arches  fall  short  of  their  best  effect  just  because  sufficient  attention  has 
not  been  given  to  this  principle  of  making  evident  the  function  and  rela- 
tive importance  of  each  part  of  the  structure.  Their  usual  defects  are 
as  follows: 

Failure  to  define  the  arch  ring  by  letting  it  merge  into  the  spandrel 

walls  without  any  paneling  for  relief. 

Failure  to  define  the  skew  backs  or  springing  lines  of  the  arch. 
Failure  to  separate  the  spandrel  wall  from  the  handrail  by  a  belt 

course  conforming  with  the  grade  of  the  roadway. 

Failure  to  subordinate  the  handrail  to  the  main  part  of    the 

structure. 

Failure  to  give  the  piers  distinctiveness  and  the  ignoring  of  the  fact 

that  the  more  important  part  of  the  pier  is  below  the  spring  line. 

The  main  portion  of  the  improvement  in  architectural  effect  in  Ameri- 
can bridge  engineering  practice  which  has  taken  place  in  the  last  decade 
(and  it  is  by  no  means  inconsiderable)  has  come  through  the  extensive 
building  of  reinforced-concrete  structures.  The  following  examples,  se- 
lected mainly  from  the  author's  practice,  will  serve  to  illustrate  some  of 
the  progress  in  bridge  aesthetics  that  has  been  made  by  reason  of  this  com- 
paratively new  material,  which  adapts  itself  so  readily  to  the  produc- 
tion of  forms  pleasing  to  the  artistic  sense  of  the  beholder — at  least,  more 
strictly  speaking,  they  will  show  what  the  author  has  been  striving  to 
do  in  order  to  improve  the  appearance  of  his  structures. 

Fig.  52e  shows  a  photograph  of  the  Colorado  River  Bridge  at  Austin, 
Texas.  It  is  situated  on  the  main  street  of  the  city  leading  to  the  State 
Capitol.  On  that  account  it  was  urgent  that  the  structure  be  made  as 
sightly  as  the  limited  amount  of  the  appropriation  would  permit.  The 
said  amount  was  $200,000;  and  as  the  bridge  is  one  thousand  (1,000) 
feet  long  and  fifty  (50)  feet  wide  from  out  to  out,  and  as  the  pier  founda- 
tions were  somewhat  expensive,  on  account  of  troubles  incident  to  hard 
foundation  material,  it  was  a  difficult  matter  to  keep  the  cost  within 
the  appropriation.  This  was  just  barely  accomplished;  hence  there  was 
no  money  available  for  ornamentation.  Perhaps  this  was  just  as  well, 
for  the  simplicity  of  the  design  is  probably  its  most  pleasing  attribute — 
at  least  this  opinion  has  been  expressed  by  a  number  of  persons  whose 
taste  is  indisputable. 

Fig.  52/  shows  a  photograph  of  the  Arroyo  Seco  Bridge  in  the  City 
of  Pasadena,  Cal.  In  this  case  also  the  appropriation  was  small — ^too 
small,  in  fact,  for  several  reasons.  Curiously  enough,  the  limit  was 
exactly  the  same  as  that  of  the  Austin  Bridge,  viz.,  $200,000;  and  no 
persuasion  of  the  author's  was  effective  in  having  the  amount  increased. 
It  was  questionable  whether  a  proper  structure  could  be  designed  so 
that  the  entire  cost,  including  the  engineering,  could  be  kept  within  the 
limit,  and  to  settle  the  question  the  author  sent  to  his  office  an  outline 
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oi  the  denga,  with  exceedingly  full  data  for  estimating  the  cost,  and  had 
a  oomplete  detfuled  estimate  prepared.     It  showed  that  the  work  could 


be  done  with  a  poerable  margin  of  12,500;   and  in  consequence,  the  au- 
thor's firm  waa  retained  to  de»gn  the  bridge  and  supervise  its  construe- 
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deepest  part  of  the  gpfge  are  coVered 
The  l»idge  was  builf  bj  eimteiat 
apprcqniatiQiL    Everyone  is  cMig^ited 
to  say,  one  of  the  {windpal  features  of  the  apoeliiPii^ 
tants  of  the  city  pokak  witii  pride  is  the  graerfd 
However,  the  author  was  right  when  he  niaite  IiIb 
mayor,  Uxc  cm  several  occasions  latdy  when  ?iflvti|^ 
espedally  cmoe  when  lecturing  to  the  engineeriiig 
University,  he  was  asked  by  certain  observinK  pmi(B|^ 
TOMon  d*6tre  of  the  curve  in  plan.    NotwithstancBng 
flaw  in  the  structure,  the  conditions  of  the 
favorable  to  tiie  development  of  Aesthetic  ooiurtruetidilv 
of  the  layout  was  so  effectively  made  that  resideiits 
are  unanimous  in  their  approval  of  the  appearance  f^^^ 
From  an  engmeering  standpoint  the  author  wishes  to 
record  to  the  effect  that  while  the  entire  bridge  is 
in  strict  conformity  with  the  best  engineering  practibl^ 
provided  for  are  small  and  the  spans  were  not  figured 
trie  railway  traffic,  and  are  not  capable  for  doing  so 
It  is  true  that  the  city  authorities  desired  to  keep  the  ef||i 
the  bridge  for  all  time  and  to  use  it  solely  for  pleasure 
day  will  probably  come  when  some  ultilitarian  admi 
to  run  cars  over  the  bridge,  and  they  may  even  decide 
I  the  fact  that  it  was  not  designed  to  carry  such  heavy 
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reinf arced  concrete  arch  bridge 
Oty,  Missouri.    It  was 
Board,  uid  has  a  most  pleas- 
Creek  Viaduct,  built 
Company  at  Nicbol- 
of  the  line  between  Scran- 
ia  the  largest  railroad  viaduct 
of  it  will  be  given,  the 
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spaded  4  ieet  apart.    Each  4-loot  lift 
Crete  which  was  run  in  one  operation. 

''  The  viaduct  contains  167fiOO  cubic  yards  Hi 
pounds  of  reinforcing  9teeL    The  volumes  of  Ite 
valions  for  the  piers  w^^  40,000  and  8|50D  eiibis 
Work  on  the  viaduct  started  in  August,  1912|  ami 
for  its  completion. 

Too  much  cannot  well  be  said  in  praise  of  tibs; 
great  structure.    The  immense  size  of  the  bridge,  tWi 
entire  construction,  the  perfect  symmetry  of  the 
larity  of  the  numerous  spans,  the  complete  semi 
the  harmonious  effect  of  the  superimposed  detailiiig 
to  the  sesthetic  sense  of  the  trained  bridge  enpneer; 
produced  upon  the  mind  of  the  layman  cannot  fail 

Among  the  author's  most  successful  studies  of 
construction  are  the  two  New  Zealand  arches  and 
of  the  C.  N.  P.  R.  R.,  described  in  Chapter  XXVI  audi 
in  Figs.  26A;,  26i  and  26;.     It  is  undeniable  that  tb^ 
artistic  of  all  types  of  bridges,  for  its  graceful  lines  aiiii: 
It  is  to  be  hoped  that  as  time  passes  American 
practice  of  adopting  it  for  all  crossings  where  it  is 

The  advent  of  new  matierial  with  different  ph; 
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those  customarily  used  places  the  designer  m  the  need  of  a  new  stand- 
ard of  aesthetics.  In  developing  such  a  standard,  the  fundamental  cri- 
terion of  fitness  will  be  that  of  attaining  the  highest  functional  efficiency 
and  employing  it  in  the  appearance  of  the  entire  construction.  When 
this  is  attained,  the  old  standards  will  gradually  be  made  to  conform 
to  the  new  conditions. 

In  suggesting  that  "if  a  steel  trussed  bridge,  economically  and  wisely 
constructed  according  to  our  present  light,  offends  our  ideals  of  grace 
and  beauty,  the  fault  perhaps  is  not  in  the  structure,  but  in  the  rigidity 
and  immobility  of  the  ideals  which  have  been  established  by  conditions 
long  since  outgrown  in  the  progress  of  science,"  Mr.  Van  Brunt  has  prol>- 
ably  indicated  the  lines  of  convergence  of  engineering  practice  and  archi- 
tectural ideals;  for  while,  as  before  stated,  much  can  be  done  with  most 
bridge  designs  to  improve  them  without  increasing  their  cost  or  affecting 
their  efficiency,  on  the  other  hand,  it  is  often  impossible  for  an  engineer 
to  modify  a  bridge  design  so  as  to  meet  fully  the  critical  objections  of  a 
good  architect  without  introducing  features  both  faulty  and  expensive. 
However,  it  must  not  be  inferred  from  the  foregoing  that  the  author 
is  defending  the  many  bridge  designers  in  their  indifference  to  the  ar- 
tistic in  construction.  He  believes  that  the  preceding  letter  of  Mr.  Van 
Brunt's  gives  a  very  just  and  unprejudiced  statement  of  the  status  of 
affairs  at  the  time  of  its  writing.  But  of  later  years  more  attention  has 
been  given  to  aesthetics  in  bridge  design;  and  the  author  feels  that  some 
progress  in  artistic  bridge  construction  has  been  made. 

In  1897  the  author  wrote  thus  in  De  PontHms: 

"The  principal  hindrance  to  the  progress  of  aesthetic  reform  in  bridge-building  is 
liable  to  emanate  from  the  bridge-manufacturing  companies,  who  have  been  so  accus- 
tomed to  submitting  competitive  designs,  and  who  have  made  in  the  past  so  much  money 
thereby,  that  they  will  naturally  consider  any  fundamental  innovation  of  this  kind 
as  detrimental  to  their  interests.  Nevertheless,  when  some  concerted  action  on  the 
part  of  bridge  specialists  is  inaugurated  with  the  object  of  making  bridge  structures  more 
sightly,  it  is  probable  that  the  manufacturing  companies  will  be  far-sighted  enough  to 
recognize  that  their  true  interests  will  not  be  subserved  by  offering  any  serious  opposition 
to  the  proposed  reform.  Some  obstruction  is  likely  to  come  from  managers  of  railroads, 
who  have  for  years  been  used  to  buying  their  bridges  as  cheaply  as  possible  without  any 
regard  to  appearance,  and  tpo  often  with  very  little  in  respect  to  constructive  excellence. 
It  will  devolve  upon  the  chief  engineers  and  the  bridge  engineers  of  railroads  to  influence 
the  managements  of  their  lines  so  as  to  incline  them  towards  a  more  favorable  con- 
sideration for  appearance  when  deciding  upon  the  designing  and  purchasing  of  their 
bridges. 

"  But  the  moulders  of  public  opinion  in  respect  to  the  necessity  for  a  due  considera- 
tion of  architectural  effect  in  bridge-building  must,  of  necessity,  be  the  independent 
bridge  engineers  of  the  country,  who  are  not  so  much  influenced  by  monetary  motives 
as  are  engineers  connected  with  railways  and  bridge  companies,  although  it  must  be 
confessed  that  some  of  the  most  prominent  bridge  specialists  are  the  greatest  offenders 
against  the  principles  of  aesthetics. 

"There  is  a  general  impression  among  engineers  that  to  ingraft  architectural  effects 
upon  bridge  construction  will  always  involve  the  necessity  for  an  increased  expenditure 
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of  money;  but  this  notion  is  incorrect,  because  there  are  many  large  and  important 
bridges  in  the  United  States  which  could  have  been  beautified,  and  at  the  same  time 
cheapened^  without  in  the  slightest  degree  impairing  their  strength,  rigidity,  or  efficiency, 
by  simply  modifying  their  harsh  and  uncompromising  lines.  It  requires  the  expenditure 
of  more  thought  than  money  to  obtain  an  artistically  designed  bridge;  for  a  little  money 
win  go  a  long  way  in  producing  a  decorative  effect  upon  such  a  structure. 

"The  author  is  a  firm  believer  in  the  principle  that  true  economy,  engineering  ex- 
odlence  d  ccMistruction,  and  the  best  architectural  effect  will  almost  invariably  be  found 
to  accompany  each  other,  and  be  inseparable  in  the  designing  of  any  bridge.  Moreover, 
any  bridge  built  with  due  consideration  for,  first,  efficiency,  second,  appearance,  and, 
third,  economy,  will  be  satisfactory  and  gratifying  to  not  only  the  trained  expert,  but 
afeo  to  the  general  engineer  and  railroad  man,  and  even  to  the  public;  because  when  an 
observer  notes  that  in  such  a  structure  all  the  engineering  requirements  are  properly 
provided  f<x',  that  there  is  no  evident  waste  of  material,  and  that  all  due  advantage  has 
been  taken  of  the  conditions  to  render  the  bridge  sightly  and  in  harmony  with  its  sur- 
roundings, his  eye  will  of  necessity  be  pleased,  and  his  inherent  sense  of  fitness  will  cause 
liim  to  regard  the  structure  with  a  feeling  of  pleasure. 

"To  recognize  and  acknowledge  the  deficiencies  of  modem  bridge  designs  from  the 
artistic  point  of  view  is  one  thing,  but  to  show  how  they  are  to  be  remedied  is  another; 
because,  while  it  is  easy  to  say  that  a  certain  structure  does  not  come  up  to  one's  ideal  of 
grace  and  beauty,  it  is  very  difficult  to  show  exactly  where  the  defects  are,  and  what 
dioukl  or  could  be  done  to  remove  them." 


Notwithstanding  this,  the  author  believes  that  the  fundamental  pre- 
cepts previously  enumerated,  if  followed  consistently,  will  eliminate  the 
most  glaring  sources  of  ugliness  in  bridge  designs.  To  secure  positive 
and  satisfactory  results  in  the  decorative  architectural  details  is  more 
difficult,  as  that  is  a  matter  requiring  special  training;  and,  therefore, 
it  cannot  weU  be  done  through  mere  instinct. 

In  making  a  study  of  the  aesthetics  of  a  bridge  design,  after  determin- 
ing what  spans  are  applicable,  it  is  well  to  make  one  or  more  layouts  on 
a  large  scale  on  the  brown  paper  that  is  used  in  engineers'  offices  for  pencil- 
drawings,  indicating  the  circumscribing  lines  of  all  main  members  to  scale, 
and  tinting  or  filling  between  the  said  lines  with  pencil-shading;  then 
tack  the  paper  on  a  wall,  and  stand  off  at  various  distances  to  judge  the 
effect.  By  doing  this  one  can  form  a  very  correct  opinion  concerning 
the  comparative  merits  of  several  layouts,  and  can  ascertain  where  and 
how  any  particular  layout  can  be  improved.  A  consultation  with  sev- 
eral members  of  one's  office  force  upon  the  architectural  features  of  the 
vuious  designs  will  often  result  in  an  improved  effect;  for  nothing  else 
will  bring  out  both  the  favorable  and  the  unfavorable  characteristics  of 
a  plan  like  discussion.  In  the  outlining  of  each  span  a  great  deal  can 
be  accomplished  toward  beautifying  a  structure,  and  there  is  no  better 
way  to  study  the  general  effect  of  any  proposed  outline  than  the  one 
just  indicated,  viz.,  laying  out  various  trusses  to  scale,  tacking  the  paper 
to  a  wall,  and  criticising  them.  It  will  surprise  any  one  who  tries  this 
method  to  see  how  quickly  he  can  detect  the  slightest  variation  from 
ccvrectness  in  outline,  and  what  a  difference  in  effect  even  a  small  change 


Fio.  S^.    Swing  Spauia  of  the  Mieaouri  River  Bridia  at 


stru^^tneee  and  section  of  the  top  chords  vrere  nee 
queetione  of  efficiency.     The  depth  at  the  outer  hips 
by  the  requirements  for  clearance,  rigidity,  and 
depths  at  the  intermediate  hipe  and  tower  were  settled 
cuadon  from  the  artistic  point  of  view,  due  attention 
engineering  questions  involved  by  the  various  inclinattOH^V. 
and  inclined  inner  posts.     In  Fig.  52k  a  reproduced  a 
long  swing  spans  of  that  structure. 

Yig.  521  shows  an  outline  diagram  of  an  alternative 
movable  span  of  the  Pacific  Highway  Bric^  at  Portbttu^' 
is  being  engmeered  by  the  author's  firm.     In  the  bidf^ii 
between  this  span  and  a  vertical  lift  the  latter  was 
of  its  superior  economy  and  more  satisfactory  operatdcHL 
the  swing  span  are  good,  although  the  author  is  of  the 
of  the  East  Omaha  swing  are  better. 

By  no  stretch  of  the  imagination  can  any  bascule 
a  thing  of  beauty.  On  the  contrary,  most  of  them  are 
can  be  seen  by  examining  the  various  illustrationa  d|ij 
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The  lack  of  symmetry  in  a  single-leaf  bascule  militates  greatly  against 
its  appearance,  and  no  addition  of  tower  entrance  oi  filigree  construc- 
tion can  help  it.  The  intrusion  of  an  immense  mass  of  concrete  into  the 
scenery  is  far  from  being  artistic,  and  in  most  cases  the  counterweight  has 
to  be  above  the  level  of  the  deck.  There  is  a  condition,  though,  where 
the  bascule  construction  can  be  adopted  without  much,  or  perhaps  any, 
detriment  to  the  aesthetics;  but  even  in  that  case  it  cannot  be  said  to 
add  to  the  appearance,  its  effect  being  neutral  rather  than  either  posi- 


Fio.  521,    Layout  of  the  Swing  Span  in  the  Alternative  Design  for  the  Pacific  Highway 

Bridge  over  the  Columbia  River  at  Portland,  Ore. 


tive  or  negative.  The  condition  is  that  of  a  fairly  low,  highway,  deck 
structure  where  the  required  clear  opening  is  comparatively  small.  By 
using  a  double-leaf  bascule  with  the  bottom  chords  arched,  keeping  the 
counterweight  entirely  below  the  deck,  and  making  all  the  fixed  spans 
arch^  of  about  the  same  span  length  and  general  appearance  as  in  the 
bascule,  a  good  effect  can  be  produced.  In  Fig.  62m  is  a  layout  of  this 
type,  being  a  study  submitted  a  few  years  ago  by  the  author  to  the  City 
Engineer  of  Vancouver,  B.  C,  for  a  proposed  bridge  over  False  Creek 
at  Thurlow  street.  The  bridge  has  not  yet  been  built,  but  some  day 
there  will  be  a  structure  at  or  near  that  location,  for  the  regular  developn 
ment  of  the  city  will  necessitate  one. 

Nor  is  it  an  easy  matter  to  fit  a  vertical  lift  span  into  a  structure  and 
obtain  a  fine  architectural  appearance;  but  the  very  magnitude  and  mas- 
siveness  of  the  construction  generally  produce  a  pleasing  effect  upon  the 
mind  of  the  beholder,  as  do  also  the  simplicity  and  the  evident  efficiency 
of  the  method  of  operation.  A  study  of  the  illustrations  in  Chapter 
XXXI  will  convince  one  of  the  correctness  of  this  assertion,  and  will 
prove  to  him  that  there  is  nothing  inherently  ugly  in  the  vertical  lift 
bridge  as  there  is  certainly  in  the  bascule. 

In  determining  the  outlines  of  a  span  these  few  elementary  principles 
are  to  be  borne  in  mind: 

First.  There  is  nothing  so  ugly  in  a  bridge  as  parallel  chords  unless 
it  be  a  skew.  However,  for  spans  between  one  hundred  and  twenty- 
five  feet  and  two  hundred  feet  it  is  often  best  to  use  them,  although  in 
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#bifrft.    When  it  is  practicable  ki  Petit 
ebord  to  such  an  extent  as  to  make  too  attudy^^^ 
jmIp  ^  ^  li(NriiKmtfil,  it  is  permiBsible  to  ki; 
piu^'Opiy  and  ta  inake  aU  the  main  diafOQals 
!ni^'eii»ct  is  ungracehil,  howeveri  wheoi  theraSiK 
pfi3jipj  each  near  the  ends  of  the  span,  and  two  iM|i»f4ff,;4pj|| 

Jf^iflk.    When  appearance  alone  is  in  questioii, 
mid^qian  are  desirable;  but  an  excessive  tmas  diBptib 
reversicm  of  bottom-chord  stress  l^  the  wind 
has  dtber  to  be  avmded  or  provided  for  hy 
In  extremely  heavy  bridges,  eq)ecially  where  tb0 
greati  it  is  possible  that  an  undue  oonsideratioa  lor. 
m%^t  cause  a  designer  to  adopt  a  truss  depth  wli^i 
too  great  for  appearance,  but  this  is  not  likely  to  oosm 
c^  other  limiting  conditions. 

Sixth.    There  are  certain  limiting  relations  betwesaft 
depth  of  tru«8.  and  length  of  span  which,  for  the  ad^  n^ 
ought  not  to  be  exceeded.    Usually  the  rules  establidied 
purely  engineering  questions  will  prevent  these  limits  fi;oQ| 
gressed,  thus  proving  a  maxim  which  the  author  has  oftflft 
viz.,  that  in  any  design. any  violation  of  engineering 
a  violation  of  good  taste  from  an  artistic  point  of  view. 

Seventh,    A  very  graceful  effect  can  be  obtained  by 
horizontal  struts  of  the  overhead  bracing  in  a  cylindricid 
to  that  which  contains  the  panel  points  of  the  top  chordSi 
with  different  curvature. 

In  respect  to  the  decoration  of  each  span  of  a  bridgs,  it, 
that  a  little  ornamentation  is  generally  much  bett^  tlm  ,ji 
and  that  this  little  should  be  appropriate  and  in  keeping  if|^ 
character  of  the  structure.    A  prodigal  use  of  cheap 
at  a  portal  of  a  steel  bridge  is  not  in  good  taste,  but  it  is 
to  decorate  the  intersections  of  the  members  of  the 
plates  or  rosettes,  to  surmount  the  upper  horizontal 
sesthetically  designed  parapet,  to  use  ornamental  comer 
the  lower  portal  strut,  to  employ  fancy  name-plates 
ranged,  and  to  place  ornamental  figures  of  proper  size 
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hips,  pedestals,  or  middle  of  inclined  end  posts.  It  is  also  permissible 
to  omament  the  intermediate  transverse  vertical  bracing  to  a  slight  degree 
by  rosettes  and  knee-braces,  but  such  decoration  should  be  applied  spar- 
ingly. Again,  in  large  bridges  it  is  proper  to  be  somewhat  extravagant 
in  the  use  of  metal  at  the  portal  for  the  sake  of  appearance,  especially 
as  such  metal,  if  it  does  not  add  to  the  strength  of  the  bridge,  certainly 
increases  its  rigidity. 

The  ornamentation  of  viaducts  and  elevated  railways  is  something 
which  has  never  received  in  America  any  attention  worth  mentioning, 
as  is  proved  by  the  inherent  ugliness  of  nearly  all  the  elevated  roads  of 
our  great  cities,  and  the  painful  plainness  of  our  railway  trestles  through- 
out the  country.  It  is  principally  this  neglect  of  aesthetics  in  design 
which  has  created  such  bitter  opposition  on  the  part  of  the  property 
owners  to  the  building  of  elevated  roads  in  the  heart  of  the  city  of  Chicago. 
Electric  lights  and  gas-fixtures  of  artistic  pattern  can  be  made  great 
aids  in  seciuing  a  pleasing  effect  in  designs  for  bridges  and  viaducts; 
s^  at  night  a  well-studied  distribution  of  incandescent  lights  can  be 
made  to  produce  a  brilliant  appearance  at  the  portals  of  any  large  and 
important  city  bridge. 

Ornamental  handrails  are  ako  of  great  service  in  decorating  trestles  and 
bridges.  While  these  handrails  must  appear  as  subordinate  to  the  main 
body  of  the  structure  they  can  be  emphasized  by  paneling  or  open  work. 
The  posts  separating  the  panels  should  be  subordinate  to  the  end  posts. 
In  small  spans,  the  handrail  should  be  of  the  open  type  in  order  not 
to  make  the  span  appear  too  massive  and  top  heavy.  For  large  spans 
a  solid  handrail  is  desirable  in  order  to  give  more  body  to  the  profile 
of  the  bridge.  A  handrail  should  not  terminate  abruptly  without  some 
apparent  cause.  A  curving  or  flaring  of  the  handrails  at  the  approaches 
of  the  bridge  adds  to  the  aesthetic  effect.  If  this  cannot  be  accomplished 
then  some  ornamental  post  of  dignified  size,  suitably  decorated  and  sur- 
mounted by  an  artistic  lamp  post,  will  be  found  very  effective. 

Architectural  effect  in  bridge  building  seldom  derives  much  aid  from 
psdnt,  for  the  reason  that  it  is  generally  best,  on  accoimt  of  both  con- 
venience and  good  taste,  to  use  but  one  color  in  painting  a  bridge.  A 
proper  choice  of  color,  howeyer,  is  a  material  advantage;  and  it  is  cor- 
rect to  vary  the  color  in  certain  accessory  portions  of  the  structure,  such 
as  machinery-houses,  the  lettering  on  name-plates,  etc.  Some  engineers 
have  advocated  painting  the  tension  and  the  compression  members  of 
different  colors,  but  this  would  get  one  into  difficulties  in  spans  where 
certain  strictly  tension-members  are  made  stiff.  Ornamental  figures 
should  be  painted  of  the  same  color  as  the  rest  of  the  bridge.  In  gen- 
eral, it  may  be  stated  that  for  ordinary  conditions  of  landscape  the  heav- 
ier the  structure  the  lighter  should  be  the  color  of  the  paint  used,  for 
the  reason  that  if  a  bridge  has  an  appearance  inclining  toward  clumsi- 
ness this  objectionable  effect  can  be  lessened  by  reducing  the  prominence 
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lb  OPfW  the  I)^^     Biver  at  Buda-Pteth,  Hungaij^ 
li# irttiiinwiae  enough  to  enter,    ffis  piaM^^^^ 
the  fact  that  they  were  prdbaMy 
lirittte  ^aet  lunite  of  ooets  of  the  statioturai  or  efveia 
IfaociitBy  on  the  plea  that  he  had  used  higher  unit  straMi 
bi  the  specifications  for  the  competition.    Those  linit 
for  spans  of  three  or  four  hundred  feet;  and,  as  can  lim 
and  52o,  the  author's  spans  were  three  times  as  long, 
river  from  bank  to  bank  in  each  case  by  a  sinj^e  spatt* 
the  impact  method  of  computing  live-load  stresses  liad 
vogue,  it  was  customary  in  America  to  increase  sBg|iti|^^ 
for  working  stresses  for  longnspan  Inidges,  and  the  avtkiOf 
followed  that  custom.    The  prize  was  awarded  to  a 
who,  by  the  way,  had  violated  one  of  the  fundamental 
the  conditions  by  putting  in  estimates  of  cost  nearly  donldt 
The  reason  for  reproducing  herein  these  layouts,  wftiMi 
pertain  to  ancient  history,  is  to  show  the  author's  ideas  aa 
gateways  or  entrances  to  large  bridges  should  be  like,  ai 
cate  the  fact  that  over  two  decades  ago  he  had  designed 
longer  than  any  that  have  yet  been  built  or  even  seriooi^ 
These  two  designs,  which  are  for  spans  of  one  thousand 
eleven  hundred  feet,  respectively,  were  worked  out  in 
stress  sheets  and  details  for  truss  connections,  pedestal^' 
lateral  system,  etc.,  being  submitted,  but  also  detailed  |liadli 
work  and  traveller,  because  the  erection  conditions 
obstruction  to  navagation  of  the  middle  portion  of  the 
hibited  at  all  times.  «:f 
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The  shorter  of  the  two  spans,  on  account  of  its  location,  was  required 
to  be  more  elaborately  ornamented  than  the  other,  hence  in  the  former 
a  steel  construction  having  the  effect  of  a  dome  surmounted  with  a  tower 
was  planned,  while  for  the  longer  span  a  Uttle  castle  at  e&ch  of  the  four 
comers  was  deemed  by  the  author  to  be  sufficient.  Much  gray  matter 
and,  what  was  worse  in  those  days,  much  good,  soUd  cash  were  wasted 
aa  these  plans  and  estimates,  all  going  to  prove  the  correctness  of  a  state- 
ment made  previously  herein  to  the  effect  that  it  does  not  pay  an  engi- 
neer to  compete  on  bridge  plans  without  compensation,  and  unless  the 
judg^  in  the  competition  be  truly  bridge  experts. 

A  proper  proportioning  of  piers  and  abutments  has  a  great  deal  to 
do  with  the  obtaining  of  an  artistically  designed  bridge;  but,  unfortu- 
nately,  in  these,  even  more  than  in  the  superstructure,  the  almighty  dol- 
lar is  generally  the  ruling  influence  in  the  design.  In  many  bridges  the 
piers  do  not  seem  to  be  massive  enough  for  the  spans;  and,  as  is  shown 
in  Chapter  XLIII,  too  often  they  are  not  sufficiently  large  to  meet  cer- 
tain im|X)rtant  engineering  requirements,  which  are,  as  a  rule,  ignored 
by  the  average  designer,  and  occasionally  even  by  some  who  consider 
themselves  bridge  experts.  In  the  author's  opinion,  if  piers  and  abut- 
ments be  adequately  designed  from  an  engineering  point  of  view,  they 
will  not  fall  far  short  of  the  ideal  of  artistic  excellence. 

Believing  that  it  will  aid  the  reader  in  arriving  at  a  better  basis  for 
his  judgment  to  have  pointed  out  the  specific  items  or  features  of  existing 
bridges  worthy  of  conmiendation  as  well  as  those  open  to  criticism,  the 
author  will  avail  himself  of  the  excellent  illustrations  in  TVrrell's  book  on 
"Artistic  Design  of  Bridges,"  to  make  further  brief  conmient  on  bridges 
other  than  those  previously  mentioned.  To  avoid  dupUcation  of  illus- 
trations the  reader  is  referred  to  that  book. 

Illustration  No.  19  b  that  of  an  arch  in  Belle  Isle  Park,  Detroit,  Mich. 
The  general  effect  is  pleasing,  but  the  ^lid  handrail  gives  the  structure 
a  more  massive  appearance  than  it  should  have,  considering  the  size 
of  the  opening.  It  is  believed  that  an  open-work  handrail  would  have 
relieved  this  undue  prominence  of  what  should  be  a  subordinate  portion 
of  the  construction. 

Illustration  No.  20  is  that  of  the  proposed  Hudson  Memorial  Bridge. 
While  the  groimd  profile  prevented  p)erfect  symmetry,  the  general  out- 
lines of  the  structure  are  satisfactory. 

Illustration  No.  61  shows  the  outline  of  the  Sukkur  Bridge  over  the 
hulus  River,  India.  It  is  totally  lacking  in  every  element  of  artistic 
design.  The  hard  rigid  profile,  the  derrick-like  appearance  of  the  canti- 
lever arms,  and  the  insignificance  of  the  suspended  span  all  offend  the  eye. 
Contrast  this  with  the  outline  of  the  Beaver  Bridge,  No.  62,  which  even 
with  its  imsymmetrical  layout  caused  by  the  end  span  has  far  more  pleas- 
ing outlines.  These  two  structiu-es  are  also  shown  in  Figs.  25m  and  25p 
of  this  treatise. 
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Mo0bn^iimL  No.  164  preseatB  another  caae  of  too^iiioiNfc 
m4  dbo  failure  to  merge  mSi  the  landaoape.  Cmitimti^ 
Utebrttationa  with  that  of  No.  165.  —     v 

IDuatration  No.  167  is  that  of  the  Foreat  SBais 
Biric,  Boeton,  Maas.    Lack  of  ^ymmetiy  ia  emphariaad^ 
portal  at  the  hi([^  end. 

<  Ittustratioii  No.  168  shows  the  effect  of  small 
pieia.    The  importance  of  the  latter  is  minimiaed  hf 
qiaiidrel  walls  and  solid  handrail,  which  gives  a 
to  the  structure.    A  better  effect  would  have  beea 
the  number  of  spansy  lowering  the  springing  hne,  and 
of  the  piers. 

Illustration  No.  170  shows  the  effect  of  too  long  a  iipm0 
ardi  ring  to  appear  as  if  springing  fnxn  the  ground  de^ 
abutments.    This  obscuring  of  the  skew«-backs  hides  thdi!^^ 
leaves  the  eye  unsatisfied. 

Illustration  No.  175  is  of  the  bridge  at  Hyde  Park,  H^l^ 
In  general  outline  this  is  a  very  satisfactory  structure, 
ring  is  merged  into  the  spandrel  walls  and  its  function  is 

Illustration  No.  183  presents  an  example  of  intnisioa' 
scape.    The  abutments  project  out  into  the  stream^ 
breaks  in  the  shore  lines.    The  suspension  cables  are  HkUl 
defined,  giving  on  this  account  an  appearance  of  weakneasL  /  I 

Illustration  No.  199  is  that  of  the  Rocky  River  Bridge  aUK 
Ohio.    The  pleasing  effect  of  this  structure  is  marred  by  Um 
ters  at  the  shore  piers;  for  they  have  no  apparent  objeet 
porting  small  balconies,  or  bartizans,  at  the  floor  leveL 
obscure  the  piers  proper.    The  belt  course  at  the 
have  been  carried  entirely  around  the  pier,  and  above  this* 
the  pilaster  with  diminished  section  should  have  eztendeiA  rliOr 
cony.    Compare  this  pier  with  that  of  the  Washington^ 
Harlem  River,  illustrated  in  ''Modem  Framed  Structurcp^^:;. 
the  skew-backs  are  well  defined,  the  portion  of  pi&t 
sive  (as  it  should  be  since  it  takes  up  the  thrusts  of  the 
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portion  above  is  subordinated  by  the  smaller  section,  thereby  bringing 
out  its  relative  imp>ortanee. 

Illustration  No.  205  is  that  of  a  highway  bridge  of  reinforced  concrete. 
This  material  is  marked  off  to  represent  cut-stone  masonry,  which  is  in 
bad  taste  because  it  is  deceptive;  while  the  handrails  or  parapets  are 
of  rough  rubble  composed  of  boulders,  giving  the  effect  of  strength  and 
maasivenesB  in  the  wrong  place,  in  other  words,  overemphasizing  the 
handrail. 

Illustration  No.  231  is  that  of  the  Komhaus  Bridge  over  the  Aar 
at  Berne,  Switzerland.  The  main  arch  has  a  span  of  384  feet  and  is 
terminated  by  handsome  masonry  piers,  from  which  the  smaller  arches 
of  the  approach  spans  spring.  Contrast  the  effect  of  this  with  that  of 
the  Niagara  arch,  shown  in  Illustration  No.  65. 

A  critical  study  and  comparison  of  these  numerous  illustrations  in 
connection  with  the  principles  previously  formulated  in  this  chapter  will 
assist  the  reader  in  cultivating  his  artistic  perceptions  and  in  the  attain- 
moit  of  sesthetic  results  in  his  designing. 

In  concluding  this  chapter  the  author  would  advise  his  readers  to 
read  the  whole  of  Tyrrell's  book  on  "  Artistic  Design  of  Bridges,''  to  consult 
the  series  of  illustrations  of  European  bridges  in  Vols.  43,  44,  and  45  of 
the  Engineering  Record,  and  to  study  carefully  Chapter  XXVI  on 
"  The  ^Esthetic  Design  of  Bridges,"  by  David  A.  Molitor,  Esq., 
C.E.,  in  the  "Theory  and  Practice  of  Modem  Framed  Structures." 
Although  most  of  Mr.  Molitor's  illustrations  are  necessarily  drawn  from 
European  structures,  there  are  many  featiu'es  thereof  which  it  would 
be  well  for  American  bridge-designers  to  adopt;  notwithstanding  the 
facts  that  European  practice  and  American  practice  in  bridge-building 
are  fundamentally  and  essentially  different,  and  that  American  engi- 
neers have  little  or  nothing  to  learn  from  their  brethren  across  the  seas 
concerning  the  science  of  bridge  design.  From  an  artistic  point  of  view, 
however,  it  must  be  confessed  that  the  average  American  bridge  is  in- 
ferior to  the  average  European  structure;  hence  while  it  is  advisable  that 
American  bridge-designers  study  carefully  European  practice  in  respect 
to  aesthetics,  they  should  be  cautious  to  avoid  thoughtless  imitation; 
because  decorative  features  which  are  appropriate  to  the  heavy,  massive, 
and  costly  bridges  of  Eiu-ope  would  be  out  of  place  when  engrafted  on 
some  of  the  light,  airy,  and  economic  structures  that  may  still  be  con- 
sidered as  characteristic  of  American  bridge  engineering,  although  the 
tendency  nowadays  in  this  country  is  toward  heavier  construction. 
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CHAPTER  Lin 


TRUE  ECONOMY  IN  DESIGN 


The  great  majority  of  bridge  designers  believe  that  the  most  economic 
structure  is  the  one  for  which  the  first  cost  is  a  minimum;  and  from 
the  contractor's  prejudiced  point  of  view  this  is  correct,  because  his  in- 
terest generally  lies  in  securing  the  contract  for  the  work  r^ardless  of 
all  other  considerations  than  his  own  profits;  but  from  the  purchaser's 
point  of  view  that  structure  is  the  most  economic  which  will  do  the  work 
required  of  it  for  as  long  a  time  as  necessary  with  the  least  possible  ex- 
penditure for  operation,  maintenance,  and  repairs,  all  these  desidercUa 
being  obtained  with  the  smallest  practicable  initial  cost  of  construction. 

In  making  an  economic  comparison  of  two  or  more  designs  for  any 
proposed  structure  there  are  two  methods  of  procedure,  either  of  which 
is  correct  and  satisfactory.  The  first  is  to  find  for  each  case  what  sum 
of  money  at  the  governing  rate  of  interest  will  produce  an  income  just 
sufficient  to  defray  the  average  annual  cost  of  operation,  maintenance, 
repairs,  and  all  other  regular  necessary  expenditures,  and  add  this  amount 
to  the  total  initial  cost  of  the  structure.  The  sum  will  be  the  "equiva- 
lent total  first  cost'*;  and  if  the  designs  be  all  satisfactory  and  the  pro- 
posed structures  of  practically  equal  life,  that  structure  for  which  the 
equivalent  total  first  cost  is  the  least  is  the  most  economic.  The  other 
method  is  to  assume  several  future  dates,  preferably  those  at  which  cer- 
tain large  expenditures  would  probably  have  to  be  made  for  renewals  or 
repairs  of  perishable  portions,  and  compute  the  grand  total  cost  to  each 
date  for  each  proposed  structure  under  the  assumption  that  it  is  then 
put  into  perfect  condition,  and  allowing  standard  compound  interest  not 
only  on  the  first  cost  but  also  on  all  annual  expenditures.  A  comparison 
of  these  grand  total  costs  at  the  several  dates  adopted  will  indicate  clearly 
which  is  the  most  economic  structure.  A  good  example  in  the  application 
of  economics  to  bridges  is  given  in  Chapter  LXX. 

Treatise  after  treatise  has  been  written  upon  the  subject  of  economy 
in  superstructure  design,  but  unfortunately  the  result  is  simply  a  waste 
of  good  mental  energy;  for  the  writers  thereof  invariably  attack  the 
problem  by  means  of  complicated  mathematical  investigations,  not  rec- 
ognizing the  fact  that  the  questions  they  endeavor  to  solve  are  altogether 
too  intricate  to  be  undertaken  by  mathematics.  The  object  of  each  in- 
vestigation appears  to  have  been  to  establish  an  equation  for  the  eco- 
nomic depth  of  truss,  or  that  depth  which  corresponds  to  the  minimum 
amount  of  metal  required  for  the  said  truss;    and,  to  start  the  investi- 
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gatioii,  it  seems  to  have  been  customary  to  make  certain  assumptions 
which  are  not  even  approximately  correct.  For  instance,  the  principal 
assumption  of  several  treatises  in  French  and  English  is  that  the  sec- 
tional area  and  the  weight  of  each  member  of  a  truss  are  directly  pro- 
portional to  its  greatest  stress;  or,  in  other  words,  that  in  proportioning 
all  members  of  trusses  a  constant  intensity  of  working  stress  is  to  be  used, 
while  in  reality  for  modem  steel  bridges  the  intensities  often  vary  con- 
siderably in  the  same  specifications.  Again,  no  distinction  is  made  be- 
tween tension  and  compression  members,  and  no  account  is  taken  of  the 
greatly  varying  amounts  of  their  percentages  of  weights  of  details. 

There  is,  however,  one  mathematical  investigation  concerning  eco- 
nomic tru^  depths  which  is  approximately  correct,  and  which  is  based 
on  assumptions  that  are  very  nearly  true;  but  it  holds  good  only  for 
trusses  with  parallel  chords.     It  is  this: 

Let  A  =  weight  of  the  chords, 
B  =  weight  of  the  web, 
C  =  weight  of  the  truss, 
and       D  =  depth  of  the  truss. 

Then  C  =  A  +  B.  [Eq.  1] 

But  the  weight  of  the  chords  varies  inversely  as  the  depth,  or  ^4  =  7^> 

and  the  weight  of  the  web  varies  directly  as  the  depth,  or  B  =  bD,  where 

a  and  b  are  constants;  and,  therefore,  C  =  —  +  b  D. 

If  C  is  to  be  made  a  minimimi,  we  shall  have,  by  dififerentiation, 

d   C  fl        .       ,  ^  r-r^  ^1 

—  =--  +  6  =  0,  [Eq.2] 

A       B 
or  -  -  +  ^  =  0,  or  A  =  B.  [Eq.  3] 

As  the  second  differential  coefficient,  after  substitution  according  to 
the  usual  method  for  maxima  and  minima,  comes  out  positive,  the  result 
obtained  corresponds  to  a  minimum.  From  this  it  is  evident  that,  for 
trusses  with  parallel  chords,  the  greatest  economy  of  material  will  pre- 
vail when  the  weight  of  the  chords  is  equal  to  the  weight  of  the  web. 
The  author  has  verified  this  conclusion  by  checking  the  weights  of  chords 
and  webs  in  a  number  of  finished  designs,  finding  it  to  be  absolutely 
reliable.  However,  it  is  not  of  much  practical  value,  because  the  eco- 
nomic depths  of  trusses  with  parallel  chords  are  pretty  well  known;  and, 
again,  when  spans  are  in  excess  of  175  or  200  feet,  the  chords  of  through- 
bridges  are  seldom  made  parallel.  Moreover,  the  best  depth  to  use  is 
not  often  the  one  which  gives  the  least  weight  of  metal  in  the  trusses. 

It  has  been  foimd  by  experience  that,  for  trusses  with  polygonal  top 
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^^-^yfiflBOT  ^^ ,  4f|4h  -iff  ctsoeedody  tiift 
Ib  JO  gmit  as  to  Keduee  tiie  iietd4«Ml 
idioid  to  0iieh  an  axtttat  tbal  ibe  ooniDnMiiiiykiiii^ 
ttlirffl^:^  ^b0  fcwwr  lateral  Qrateoi  cwiaes;  i WiriMtiii . I||i 

Mk  exD&uivB  traYdler.  and  doGnaaiMt  tfaO' 
kmeamB  tbe  weight  but  dightly;  hm»  itkmm. 
l|l$W0%i^  dflpth  of  botii  tnisB  and  tmvdlaf.    Aciap^,l|iM^ 
.fl^^ifillBm  does  not  my  dixocUy  aa  the  total  wgigghfr  oi  matjlj  J 
llifttjya  ineraaae  in  the  sectional  area  of  a  nieoe  adda  aolhiBitf  <^ 
jf  ite  manufacture,  and  but  little  to  the  coet  §d  0Wt3mi 
it  ia^iily  for  raw  material  and  freight  that  thftea^eqaw  i»  TuaHy 
Baooe  Ui  ia  generally  best  to  use  truas  depths  coMidaraJM^^JkiHIl 
whi(rii  would  require  the  minimum  amount  of  metal.. .  J^ 
tiae  theoretically  economic  truss  depths  vary  from  one^iiyii^  ot 
for  fl|ian8  of  100  feet  to  about  one-sixth  of  the  sptok  for  spaae  o( 
but  for  modem  single-track-railway  throuc^-bridges  the  least 
truss  dqyth  is  about  30  feet,  unless  suspended  floor-beama  b^  pi^^ 
wfaicdi  veiy  properly  has  gone  out  of  fashion. 

In  two  five-hundred-foot  spans  of  a  combined  railway  tiiad^^ 
bridge  the  author  employed  a  truss  depth  of  seventy4wo  feet; 
was  determined  by  the  reversal  of  stress  in  bottom  ch^HKia 

pieaBure.    A  greater  depth,  if  penni«8ible,  would  have  iwuMi^ 
in  total  weight  of  metal.    In  another  of  his  designs  for  a 

andHEOxty-f oot  span  a  truss  depth  of  ninety  feet  was  adcqitedt 

case  the  live  load  was  very  great,  varying  from  ten  thousand 

lineal  foot  for  short  spans  to  eight  thousand  pounds  p^  line^ 

long  ones;  and  the  bridge  is  twenty  per  cent  ¥ddor  tiban  in  til9 

the  two  five-hundred-foot  spans  just  mentioned.    The 

load  and  the  wider  the  bridge,  the  greater  generally  eaa  the  tpnil 

be  made  advantageously. 

The  little  mathematical  investigation  given  in  this 

applied  with  fair  accuracy  to  plate-girder  bridges  and  to  the 

of  truss-bridges.    If,  for  ordinary  cases,  m  designing  |»I«te 

will  adopt  such  a  depth  as  will  make  the  total  weight  of  th^ 

g^lice-plates  and  stiffening  angles  about  equal  to  the  weight  of^i 

he  will  obt£dn  an  economically  designed  girder,  and  a  de^ 

For  long  spans,  however,  this  arrangement  would  mallOi 

deep  as  to  become  cliunsy  and  expensive  to  handle; 

a  span  exceeds  about  forty  feet,  the  amount  of  metal  in 

be  a  little  greater  than  that  in  the  web;  and  the  moia^ 

forty  feet  the  greater  should  be  the  relative  amount  of. 
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The  true  economic  investigation  for  plate-girders  is  as  follows,  when 
the  web  is  assumed  to  resist  its  share  of  the  bending  moment: 
Let  M  =  bending  moment  at  mid-span, 
h  =  depth  of  web, 
t  =  thickness  of  web, 

S  =  intensity  of  working  stress  for  tension, 
I  —  length  of  span, 
and         c  =  ratio  of  weight  of  details  of  web'(i'.  ^.|  end  stiflfeners,  inter- 
mediate stiflfeners,  spUce  plates,  and  fillers)  to  weight  of  the  web  plate  ^ 
itself. 

The  sum  of  the  two  flange  areas  at  mid-span,  including  an  allowance 
of  fifteen  per  cent  for  rivet  holes,  will  be  given  by  the  equation, 

F  =  1.15  i^-y^^ht);  [Eq.4] 

and  the  total  weight  of  metal  in  the  flanges,  taking  into  account  the  fact 
that  the  cover  plates  do  not  run  the  full  length  of  the  girder,  will  be  given 
approximately  by  the  equation. 


(2  Af  \ 

-^-MA^j  X0.8Z, 


=  3.4Z  (^^|^-0.23A^).  [Eq.  5] 

The  weight  of  the  web  and  its  details  will  be 

W^  =  ^Al{ht  +  ch  i).  [Eq.  6] 

Therefore  the  total  weight  of  girder  will  be 

(1  84  M  \ 

—-g-  +  0.77  A  «  +  ch  t),  [Eq.  7] 

Differentiating  with  respect  to  h  and  placing  the  differential  coefficient 
equal  to  zero  gives 

^  =  3.4 Z  (-  -^f  +  0.77  t  +  ct)=0.        [Eq.  8] 

1  84  Af 
Hence  ^^^S^  =  ^'^^ ht  +  cht;  [Eq.  9] 

from  which  we  find 

1  84  Af 

-V^ 0.23hi  =  0Mht  +  cht,  [Eq.  10] 

n  o 
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(IM  M  \ 

'j-g 0.23  ht)=  3.4 1  (0.54  ht  +  cht).  [Eq.  11] 

But  the  value  of  c  is  generally  about  0.3.    Substituting  this  gives 

(1  84  Af  \ 

'-j^ 0.23  /i  <  j  =  SAliOMht).       [Eq.  12] 

But  the  first  member  of  this  equation  represents  the  weight  of  the  flanges 
for  the  most  economic  condition,  and  the  second  member  is  eighty-four 
per  cent  of  the  total  weight  of  the  web  plate  without  its  details. 

Dividing  both  sides  of  the  last  equation  by  0.8  and  cancelling  the 

3.4i  gives 

(2  o  If  \ 

-Yg-  -  0.2Qhij  =  1.05hi,  [Eq.  13] 

or  1.15  (|^  -  0.25  /i  < )  =  1.05  h  L  [Eq.  14] 

Evidently  the  first  member  of  this  equation  represents  the  gross  area  of  the 
flanges  and  the  second  member  differs  only  a  little  from  the  gross  area 
of  the  web  and  may  without  any  great  error  be  called  such.  Hence  it 
may  be  stated  that  the  theoretical  maximum  of  economy  exists  when 
the  gross  areas  of  flanges  and  of  web  at  mid-span  are  equal — a  condition 
readily  remembered.  Although  this  is  the  theoretically  correct  criterion 
for  economy,  if  it  be  applied  to  any  particular  case,  it  will  generally  be 
found  that  the  resulting  web  depth  is  so  excessive  as  to  cause  one  or  more 
of  the  following  modifications  in  construction,  as  compared  with  the  depth 
which  would  make  the  total  weight  of  the  flanges  equal  to  the  total  weight 
of  the  web  with  all  its  details: 

A.  An  additional  splice  or  two  in  the  web,  or  else  a  slightly  increased 
pound  price  for  the  large  plates. 

B.  Larger  outstanding  legs  for  all  stiffening  angles. 

C.  Reduction  in  the  number  of  cover  plates. 

D.  Narrowing  of  flange  angles  and  necessitating  thereby  either  an  ad- 
ditional bracing  frame  or  an  increase  in  sectional  area  of  the  compression 
flange,  in  order  to  compensate  for  the  greater  ratio  of  unsupported  length 
to  width. 

E.  Possible  thickening  of  web  becaiLse  of  its  greater  depth. 

F.  Possible  encroachment  on  under-clearance  in  deck  spans,  or  rais- 
ing of  grade  to  avoid  the  same. 

G.  Possible  difficulty  in  fabrication  or  shipment  in  case  of  long  or 
heavy  girders  because  of  excessive  depth. 

Any  one  of  these  changes  would  be  likely  so  to  upset  the  economics 
of  the  case  as  to  cause  a  material  decrease  in  the  theoretical  depth  found 
by  the  preceding  investigation.  One  will  not  often  make  an  error  in 
economy  by  following  the  old  established  rule  given  in  De  PorUibus  and 
reproduced  herein  previously  to  the  effect  that  the  best  practicable  ar- 
rangement is  generally  to  make  the  weight  of  the  flanges  equal  to  the 
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weight  of  the  web  and  its  details;  and  there  are  occasionally  cases  where 
a  saving  of  metal  can  be  eflfected  by  making  the  web  depth  even  smaller 
than  that  given  by  this  old  criterion,  when  by  so  doing  a  web  splice  may 
be  avoided  or  smaller  stiflfening  angles  may  be  adopted.  It  should  be 
borne  in  mind  that  there  is  quite  a  range  in  web  depths  over  which  the 
theoretic  minimum  weight  b  about  constant,  unless  the  thickness  of  the 
shallower  web  ^must  be  increased  on  account  of  the  shear;  hence  one  may 
often  vary  the  dimensions  of  a  plate-girder  materially  without  affecting 
greatly  the  matter  of  economics.  In  Fig.  2l6  is  given  a  diagram  of  eco- 
nomic depths  of  plate-girders  with  riveted  end  connections. 

Concerning  economic  panel  lengths,  it  is  safe  to  make  the  following 
statement: — ^Within  the  limit  set  by  good  judgment  and  one's  inherent 
«nse  of  fitness,  the  longer  the  panel  the  greater  the  economy  of  material 
in  the  superstructm^.  Of  course,  when  one  goes  to  such  an  extent  as 
to  use  a  thirty-foot  panel  in  an  ordinary  single-track-railway  bridge  he 
exceeds  the  limits  referred  to,  because  the  lateral  diagonals  become  too 
long,  and  their  inclination  to  the  chords  becomes  too  flat  for  rigidity. 
Again,  an  extremely  long  panel  might  sometimes  cause  the  truss  diagonals 
to  have  an  imsightly  appearance  because  of  their  small  inclination  to 
the  horizontal. 

There  is  another  mathematical  investigation  which  is  of  practical 
value.  It  relates  to  the  economic  lengths  of  spans,  and  was  first  demon- 
strated in  print  by  the  author  some  twenty-five  years  ago  in  "Indian  En- 
gineering," although  the  principle  was  announced  three  years  before  then 
in  the  first  edition  of  his  "General  Specifications  for  Highway  Bridges 
of  Iron  and  Steel."  Strange  to  say,  many  engineers  failed  to  see  that 
there  is  any  difference  between  this  principle  and  an  old  practice  of  over 
fifty  years'  standing.  The  principle  is  that  "for  any  crossing  the  great- 
est economy  will  be  attained  when  the  cost  per  lineal  foot  of  the  sub- 
structure is  equal  to  the  cost  per  lineal  foot  of  the  trusses  and  lateral 
systems."  The  old  practice  was  to  make  for  economy  the  cost  of  a  pier 
equal  to  the  cost  of  the  span  that  it  supports,  or,  more  properly,  equal 
to  one-half  of  the  cost  of  the  two  spans  that  it  helps  to  support.  Is  not 
the  difference  between  these  two  methods  perfectly  plain?  In  one  the 
cost  of  the  pier  is  made  equal  to  the  cost  of  the  trusses  and  laterals,  and 
in  the  other  it  is  made  equal  to  the  cost  of  the  trusses,  laterals,  and  floor 
system.  When  one  considers  that  the  cost  of  the  floor  system  is  some- 
times almost  as  great  as  one-half  of  the  total  cost  of  the  superstructure, 
he  will  recognize  how  faulty  the  old  method  was.  The  following  is  the 
demonstration  of  the  principle,  simplified  to  the  greatest  practicable 
extent. 

Let  us  assume  a  crossing  of  indefinite  length,  for  which  the  depth  of 
bed-rock  is  constant,  and  let 

8  =  cost  of  the  substructure  per  lineal  foot  of  span, 
T  =  cost  per  lineal  foot  of  the  trusses  and  laterals, 
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A  further  differentiation  shows  that  theresult 
In  reality  the  truss  weight  per  foot  increases  mocp 
qpan  length.    If  r  is  the  ratio  of  the  span  lengthei  tk^ 
foot,  for  small  changes  in  span  lengths,  will  vaiy 
iQg  to  the  ratio  r'  ^  }^{r  +  r^).    On  the  other handt  tbe^ 
for  the  lateral  S3n3tem  does  not  increase  quite  as  rapidly 
unless  the  perpendicular  distance  between  central  plaHPK 
increases.    Unfortunately,  though,  the  gwi  in  tnw 
given  by  the  assiuned  theory  of  variation  is  genoalljr 
corresponding  loss  for  the  weight  of  lateral  ^ystiiPi, 
combined  weights  per  foot  of  trusses  and  laterab 
trifle  faster,  than  the  span  length.    This  is  partially 
that  the  pound  price  of  metal  erected  and  painted  w4t 
as  the  weight  per  foot  increases.    Again,  th«:e  is 
in  the  assumption  that  the  cost  of  the  piers  varies^^ 
length,  because  the  size  of  each  pier  may  have  tor, 
to  accommodate  the  heavier  spans;  and  this  error ii 
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which  rest  on  piles.  If  the  perpendicular  distance  between  central  planes 
of  trusses  is  increased  because  of  the  greater  span  length,  the  cost  of  each 
pier  will  be  increased  because  of  its  greater  length;  but  this  will  occur  only 
occaaonally.  Ignoring  the  latter  contingency,  the  two  errors  indicated, 
Qotwithstanding  the  fact  that  their  effects  are  additive,  are  so  small  as 
not  to  affect  materially  the  correctness  of  the  results  of  this  investigation 
concerning  economic  span  lengths. 

This  demonstration  proves  that,  in  any  layout  of  spans,  with  the 
conditions  assumed,  the  greatest  economy  will  be  attained  when  the 
owt  of  the  substructure  per  lineal  foot  of  bridge  is  equal  to  the  cost  per 
lineal  foot  of  the  trusses  and  lateral  systems.  Of  course,  no  such  condi- 
tion as  a  bridge  of  indefinite  extent  ever  exists,  nor  is  the  bed-rock  often 
levd  over  the  whole  crossing;  nevertheless  the  principle  can  be  appUed 
to  each  pier  and  the  two  spans  that  it  helps  to  support  by  making  the 
awt  of  the  pier  equal  to  one-half  of  the  total  cost  of  the  trusses  and  lat- 
erals of  the  said  two  spans.  Since  working  out  this  demonstration  more 
than  twenty-eight  years  ago,  the  author  has  made  a  practice  of  checking 
the  correctness  of  the  principle  thereby  established,  by  comparing  the 
cost  of  substructure  and  superstructure  in  the  principal  bridges  which 
he  has  designed  and  built,  with  the  result  that  he  finds  it  to  be  invariably 
correct. 

The  principle  will  apply  also  to  trestles  and  elevated  roads;  for  in 
the  latter,  when  there  is  no  longitudinal  bracing,  if  we  make  the  cost  of 
the  stringers  or  longitudinal  girders  of  one  span  equal  to  the  cost  of  the 
bent  at  one  end  of  same,  including  its  pedestals,  we  shall  obtain  the  most 
economic  layout.  In  an  ordinary  railroad  trestle  consisting  of  alternating 
spsBs  and  towers,  it  will  be  necessary  for  greatest  economy  to  have  the 
cost  of  all  the  girders  in  two  spans  (one  span  being  over  the  tower)  plus 
the  cost  of  the  longitudinal  bracing  of  one  tower  equal  to  the  cost  of 
the  two  bents  of  said  tower,  including  their  pedestals. 

The  economics  of  reinforced  concrete  bridges  have  not  received  much 
attention  from  technical  writers;  and  they  are  rather  diflScult  to  deter- 
mine, as  the  quantities  involved  are  influenced  quite  largely  by  the  in- 
dividual tastes  of  the  designer.  The  problem  is  also  complicated  by  the 
facts  that  the  unit  costs  of  the  various  portions  of  a  structure  may  be 
more  or  less  different,  and  that  the  unit  costs  of  different  types  of  con- 
struction may  be  decidedly  unlike.  In  general,  it  may  be  said  that  the 
unit  costs  are  lower  for  those  structures  which  have  the  simplest  form 
work;  and  a  reduction  will  also  be  effected  by  decreasing  the  area  of  form 
surface  per  cubic  yard  of  concrete.  For  instance,  in  the  case  of  a  wall 
or  slab  the  form  cost  per  cubic  yard  will  vary  practically  inversely  as  the 
thickness  of  the  said  wall  or  slab.  Evidently,  therefore,  it  is  desirable  to 
c(mcentrate  the  concrete  into  a  few  large  members,  rather  than  to  employ 
a  great  number  of  small  ones. 

It  ^ould  be  noted  that  reinforcing  bars  less  than  %''  in  diameter 
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command  higher  pound  prices  than  do  the  larger  bars.  The  extras  for 
these  small  bars  may  be  found  in  Engineering  News  the  first  of  each 
month. 

Taking  up  first  girder  bridges  carried  on  columns,  the  following  points 
must  be  considered: 

First. — The  panel  length,  when  cross-girders  are  employed. 

Second. — The  nimiber  and  spacing  of  the  longitudinal  girders. 

Third. — The  number  of  coliunns  per  bent. 

Fourth. — The  span  length. 

Fifth. — The  use  of  reinforced  concrete  piles  to  carry  the  footings. 

The  panel  length  adopted  is  usually  not  of  great  importance  from  the 
standpoint  of  economy.  Lengths  of  from  eight  to  ten  feet  are  generally 
employed;  but  a  considerable  variation  from  these  values  will  cause  little 
change  in  the  combined  cost  of  the  slabs  and  cross-girders.  A  reduction 
in  concrete  quantities  can  frequently  be  effected  by  using  long  panels, 
and  by  carrying  the  slabs  on  short  stringers  supported  by  the  floor-beams; 
but  the  extra  form  Work  required  will  generally  overbalance  this  saving 
in  volume. 

The  number  and  spacing  of  the  longitudinal  girders  will  depend  upon 
the  width  and  the  height  of  the  structure,  the  span  length,  and  the  load 
to  be  carried.  For  a  high  structure  in  which  the  economic  span  length 
is  fairly  long,  it  will  nearly  always  be  found  best  to  employ  two  lines  of 
girders,  the  spacing  thereof  being  equal  to  about  five-eighths  of  the  total 
width  of  the  structure;  but  for  bridges  much  over  sixty  (60)  feet  wide  the 
use  of  three  or  even  four  Unes  may  be  preferable.  The  slab  in  such  struc- 
tures is  carried  on  cross-girders  and  cantilever-beams.  For  a  low  bridge 
in  which  the  economic  span  length  is  short,  it  will  generally  be  the  cheapest 
to  omit  the  cross-girders,  except  at  the  bents,  and  to  employ  several  lines 
of  longitudinal  girders.  The  wider  the  structure,  the  more  likely  will 
this  arrangement  prove  to  be  economical;  and  very  heavy  loads  also  favor 
its  adoption.  For  a  structure  in  which  the  span  length  is  from  one-half 
to  two-thirds  of  the  width,  it  will  usually  make  little  difference  which  of 
the  two  types  is  adopted,  unless  the  height  is  rather  large;  and  even  in 
extreme  cases  the  variation  between  the  two  is  not  likely  to  exceed  ten 
per  cent.  Ordinarily,  it  will  be  found  more  desirable  to  use  two  lines 
of  girders,  with  cross-girders  and  cantilevers  about  eight  or  ten 
feet  centres. 

The  proper  number  of  columns  per  bent  depends  on  the  number  of 
longitudinal  girders.  When  there  are  only  two  lines,  two  columns  will, 
of  course,  be  employed.  When  there  are  several  lines  of  girders,  there 
should  generally  be  one  column  per  girder  in  low  structures,  and  two 
columns  per  bent  in  higher  ones.  In  this  latter  case  a  heavy  cross-girder 
will  be  required  at  each  bent  to  carry  the  longitudinal  girders. 

The  economic  span  length  is  affected  by  the  height  and  the  load,  being 
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larger  for  greater  heights  and  smaller  for  heavier  loads.  An  approximate 
value  thereof  is  given  by  the  formula 

in  which  {  =  economic  span  length,  centre  to  centre  of  supports, 

w  =  load  per  lineal  foot  of  girder  (excluding  its  own  weight), 
and  h  =  fixed  height  of  structure. 

The  quantity  h  represents  in  any  given  case  the  height  which  is  fixed,  such 
as  the  height  from  grade  to  top  of  footing,  height  from  grade  to  bottom  of 
footing,  height  from  underside  of  girder  to  top  of  footing,  or  height  from 
underside  of  girder  to  bottom  of  footing,  as  the  case  may  be.  There  is 
sdways  a  considerable  range  of  lengths  for  which  the  quantities  remain 
nearly  constant.  The  formula  gives  values  a  trifle  greater  than  those  for 
which  the  quantities  are  a  minimum,  since  the  use  of  heavier  sections  will 
reduce  slightly  the  unit  costs  of  the  concrete. 

Reinforced  concrete  piles  should  be  used  under  footings  when  a  suit- 
able foundation  is  to  be  found  only  at  a  considerable  depth,  or  when  a  very 
large  footing  area  would  be  required  in  order  to  reduce  the  pressures  to 
a  proper  amount.  A  comparison  must  be  made  for  each  case  as  it  arises, 
allowing  properly  for  the  cost  of  the  column  shaft,  the  footing,  the  piles, 
and  the  excavation.     This  latter  item  must  not  be  overlooked. 

The  curves  of  Figs.  56^  to  SGy,  inclusive,  will  be  found  of  great  value 
in  studying  the  questions  of  economy  of  girder  bridges,  as  most  of  the 
points  involved  can  be  settled  directly  thereby. 

In  arches  the  problem  is  much  more  complicated  than  in  girder  spans. 
The  factors  that  affect  the  economic  lengths  are  the  cost  of  the  arch  ribs 
and  that  of  the  piers  and  abutments,  the  dividing  lines  between  them 
being  the  verticals  through  the  springing  points.  For  any  fixed  span 
length  the  greater  the  rise,  up  to  a  limit  of  nearly  one-half  of  the  open- 
ing, the  smaller  will  be  the  costs  of  both  the  arch  and  the  piers  oi  abut- 
ments which  sustain  it;  but  in  most  cases  the  distance  from  grade  to 
ground  is  too  small  to  permit  the  adoption  of  such  a  large  rise;  hence 
the  problem  generally  resolves  itself  into  a  determination  of  the  ques- 
tion, "How  long  can  the  span  be  made  economically  for  a  certain  limit 
of  rise?''  This  will  be  influenced  by  several  important  considerations, 
among  which  may  be  mentioned  the  following: 

A.  The  live  load  used. 

B.  The  amoimt  of  earth  fill,  if  any,  over  the  arches. 

C.  The  depth  of  the  foundations  for  the  piers  and  abutments  below 
the  springing  points. 

D.  The  cost  per  cubic  yard  for  putting  the  bases  of  piers  and  abut- 
ments down  to  a  satisfactory  foundation. 

E.  The  necessity  for  a  heavy  or  substantial  appearance  of  the  piers 
and  abutments. 
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F.  The  height  to  which  the  large  pier  shafts  must  be  carried. 

G.  The  condition  of  the  arch  barrel — ^whether  solid  or  ribbed. 

H.  The  necessity,  or  otherwise,  of  adopting  certain  span  lengths  to 
meet  existing  conditions. 

Here  are  too  many  variables  for  a  theoretically  correct  economic  in- 
vestigation, hence  the  siu^st  and  most  satisfactory  way  to  proceed  is  to 
make  by  judgment  the  best  possible  layout  consistent  with  the  condi- 
tions, then  two  others,  one  involving  a  span  length  a  certain  niunber 
of  feet  greater  and  the  other  a  span  length  the  same  niunber  of  feet  less, 
and  figure  the  costs  of  arches  and  piers  (or  abutments)  for  all  three  cases. 
Instead,  though,  of  increasing  and  decreasing  the  span  by  a  certain  num- 
ber of  feet  it  may  be  necessary  to  reduce  and  augment  the  number  of 
spans  by  imity.  After  the  costs  of  the  arches  and  piers  or  abutments 
are  found  and  properly  combined,  the  cost  of  these  two  portions  of  the 
construction  per  lineal  foot  of  span  for  each  of  the  three  layouts  can  be 
computed  and  compared.  The  one  which  gives  a  minimum  will  indicate 
approximately  the  best  span  length  to  adopt. 

In  some  cases  it  will  prove  to  be  economic  to  make  the  middle  span 
of  the  bridge  a  certain  length  and  reduce  gradually  the  lengths  of  the 
spans  at  each  side.  If  the  configuration  of  the  crossing  will  permit  of 
a  symmetrical  layout  on  this  basis,  the  effect  will  prove  to  be  pleasing 
to  the  eye  and  generally  economic  of  first  cost,  especially  if  a  constant 
ratio  of  rise  to  span  be  maintained;  because,  as  far  as  cost  of  substruc- 
ture is  concerned,  the  overturning  moments  from  live  load  on  a  single 
span  only  and  from  inequality  of  dead  load  thrusts  are  kept  low,  owing 
to  the  fact  that  the  lighter  thrusts  in  the  smaller  span  act  with  a  greater 
lever  arm  than  do  the  heavier  thrusts  of  the  longer  span,  on  account  of 
higher  location  of  the  points  of  springing.  In  adopting  this  expedient, 
though,  care  has  to  be  exercised  to  prevent  the  principles  of  esthetics 
from  being  violated. 

The  curves  of  Figs.  56z  to  56cc  will  be  found  very  useful  in  determining 
the  economic  span  lengths  of  arch  bridges. 

There  are  many  minor  economic  questions  that  arise  in  the  designing 
and  construction  of  bridges,  among  which  may  be  mentioned  the  economic 
greatest  lengths  of  different  types  of  spans;  the  character  of  approaches 
to  bridges;  colimm  spacing  in  bents  supporting  cross-girders  with  canti- 
lever brackets;  the  economic  functions  of  swing  spans,  cantilever  bridges, 
arches,  and  steel  trestles;  the  height  of  concrete  retaining  walls  at  which 
it  is  economic  to  begin  to  use  reinforcing;  the  relative  economics  in  em- 
ploying mediiun  steel,  soft  steel,  standard  steel,  and  alloy  steel  for  bridge 
superstructures;  theeffectof  erection  on  the  economic  layout  of  spans;  the 
comparative  economics  of  rim-bearing  and  centre-bearing  swing  spans; 
economy  in  choice  of  metal  sections;  and  economy  in  shopwork.  These 
various  economic  questions  will  now  be  taken  up  in  the  order  enumerated. 

Comparing  rolled  I-beam    and  plate-girder  deck  spans  for  modem 
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heavy  live  loads,  the  weights  of  metal  are  about  equal  for  spans  of  fif- 
teen feet;  but  the  fonner  are  cheaper  per  pound  than  the  latter  by  about 
four-tenths  (0.4)  of  a  cent,  consequently  the  costs  per  Imeal  foot  erected 
are  equal  for  a  span  of  about  twenty  feet. 

Comparing  deck  plate-girders  and  through,  riveted  truss-spans,  for 
which  there  is  usually  a  difference  of  about  one-half  cent  per  pound  erected 
in  favor  of  the  former,  the  weights  of  metal  per  lineal  foot  are  the  same 
for  spans  of  one  himdred  and  fifteen  (115)  feet,  which  is  about  the  ex- 
treme limit  of  length  for  plate-girder  spans  shipped  in  one  piece;  hence 
it  may  be  concluded  that  for  all  practicable  lengths,  deck  plate-girder  i^ans 
are  more  economic  than  through,  riveted  truss-spans.  Besides,  the  use 
of  such  deck  spans  eflfects  a  great  economy  in  the  substructure  by  reduc- 
ing the  length  of  each  pier  from  six  to  ten  feet,  the  longer  the  span,  cf 
course,  the  less  the  reduction. 

Comparing  half-through,  plate-girder  spans  and  through,  riveted  truss- 
spans,  for  which  there  is  a  difference  of  about  two-tenths  (0.2)  of  a  cent 
per  pound  erected  in  favor  of  the  former,  the  weights  of  metal  per  lineal 
foot  are  the  same  for  spans  of  seventy  (70)  feet,  but  the  costs  per  foot 
are  about  equal  for  spans  of  seventy-five  (75)  feet.  However,  as  plate- 
girder  spans  are  in  many  respects  more  satisfactory  than  short,  through 
riveted  spans,  the  dividing  point  is  generally  placed  at  about  one  hundred 
(100)  feet. 

Comparing  Pratt  and  Petit  truss-spans,  for  which  there  is  no  differ- 
ence worth  mentioning  in  the  pound  prices  of  the  metal,  the  weights 
per  foot  (and  therefore  the  costs)  are  alike  for  single-track  spans  of  three 
hundred  (300)  feet,  and  for  double-track  spans  of  three  hundred  and 
fifty  (350)  feet;  but  both  constructive  and  aesthetic  reasons  necessitate 
limiting  the  lengths  of  Pratt  trusses  to  about  three  hundred  and  twenty- 
five  (325)  feet. 

The  economics  of  approaches  to  bridges  will  involve  the  question  ci 
whether  it  is  best  and  cheapest  to  build  earth  embankments,  timber 
trestles,  or  steel  viaducts,  and  at  what  heights  it  would  pay  to  change 
from  one  kind  to  the  other.  Figs.  53a  and  536  give  the  costs  per  foot 
of  single-track  and  double-track  earth  embankments  at  various  prices  per 
cubic  yard  for  earthwork;  Figs.  53c  and  53d  give  the  costs  per  Uneal 
foot  of  single-track  and  double-track  timber  trestles  for  various  prices 
per  M  feet  B.  M.  of  timber  in  place;  and  from  Figs.  55nn  to  55zZy  inclu- 
sive, and  Figs.  564  to  56m,  inclusive,  can  be  computed  the  cost  per  lineal 
foot  of  steel  viaducts.  In  estimating  the  cost  of  embankment,  that  of 
the  retaining  walls,  abutments  and  culverts  must  be  included  The  cost 
of  reinforced  and  plain  concrete  retaining  walls  can  be  determined  from 
Rg3.  56r  and  56«,  and  that  of  plain  concrete  abutments  can  be  taken 
directly  from  Fig.  536.  It  must  not  be  overlooked  in  this  comparison 
that  the  quantities  in  Figs.  53c  and  53d  include  the  timber  deck,  whii^h 
B  not  the  case  in  the  other  diagrams.    This  economic  study  will  involve 
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telAllBaice  to  wind  pressure.    Again,  in  such  a  case  the  winil 
be  so  great  as  to  necessitate  an  increase  in  column  sccdoBt 
jpeqi^iM  to  care  for  the  live  and  dead  load  stresses  only;  0^ 
^0t^  of  wind  pressure  would  enter  the  economic  study.    It  fw 
Ik  most  cases  that  it  is  inadvisable  to  space  the  columns  miuirj 
onB^Imtf  of  the  total  length  of  the  beam. 

The  economic  functions  of  swing  spans  are  somewhat 
'rnidate.    The  minimum  perpendicular  distance  between 
trusses  for  first-class  construction  should  be  the  same  as  for 
spans,  vis.,  one-twentieth  of  the  span  length.    It  is  evident^ 
tiiat  the  narrower  the  bridge  the  less  it  will  weigh  and  cost^' 
depths  at  ends  of  through  swing  bridges  are  generally  detenilpl^ 
elearance  requirements;  but  in  long  spans  it  is  sometimes  id? 
the  sake  of  vertical  stiffness  and  to  avoid  the  raising  of 
load  on  the  other  arm,  to  make  the  said  depths  still  giteter> 
this  increase  is  not  of  an  uneconomic  nature.    For  long  foMiifil  i 
exceeding,  say,  four  hundred  (400)  feet,  the  truss  depth 
should  be  about  one-fourteenth  (Y^)  or  one-fifteenth  (' 
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..•Mb  taHat  S5  ewb  per  Unetl  foot,  are  ivondsd 
Wooden  Trartks. 


of  all  theae  depths;   and,  for- 
te tlMm  does  not  affect  matnially  Uieir 


that;  as  far  as  18  ctnisisteiit  with  safety,  tiie 

should  be  made  as  Hmall  as  possible,  not 

of  metal,  but  also  because  it  reduces  the 

of  the  pivot  pier.    For  spans  of  moder- 

economy  in  centre-beariiig 

'tmtB,  e^>edaUy  as  the  former  sometimes 

4tttt  the  difference  is  <^ten  inconsderable. 

[.jBODte-bearing  swiDg-spans  due  to  the  ob- 
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jectionable  feature  of  concentrating  great  loads  upon  small  areas  and  to  the 
necessity  in  the  case  of  very  wide  spans  for  excessively  heavy  cross-orders. 
The  question  of  economics  between  the  two  styles  of  swings  is  one  that 
has  to  be  determined  for  each  special  case  as  it  arises  by  preparing  actual 
estimates  and  not  by  a  priori  reasonii^. 

As  mentioned  in  Chapter  XXV  and  previously  in  De  Pontibus,  the 

0       wisx^stsgTeeesBa 


H»ighf<^Treaf/e  m/itf. 
Cost  includes  trpflfle  complcle,  but  not  (rack  rails. 

Panel  len(tths  for  pile  (resllcB  are  14'  0",  ami  for  framed  trestles,  28'  0". 
In  pile  trestlcM,  piles  are  ussumed  to  have  a  10'  penetration,  and  to  cost  35  cents 
l>cr  lineal  foot. 

In  framed  trestles,  two  20'  piles,  each  costing  35  cents  per  lineal  foot,  are  provided 
under  each  post. 

FiQ.  ^M.    Cost  of  Doublc-track-ruilway,  Wooden  Trestles. 

economics  of  cantilever  bridges  formed  the  subject  of  a  special  investi- 
gation for  that  treatise,  the  result  of  which  was  as  follows: 

Firsl.  The  economic  length  of  the  suspended  span  is  about  three- 
eighths  (/g)  of  the  length  of  the  main  opening,  but  a  considerable  in- 
crease or  decrease  of  this  proportion  does  not  greatly  change  the  total 
weight  of  the  metal. 


Umtin-floniarte  Bailway-AbutiiMata. 

L]y. one-fifth  ()£)  of  the  said  total  length, 
b  the  top  chords  m&y  be  built  <^  cye- 
1  Allowance  for  uupact  there  is  no  re- 
ilffeots  quite  an  ectnuHny  of  metal.    But 
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Ihfll  eM»  Boii^  «M^  liltei^^tit 
cQpilMr  tcq[>  diardi  wvydd  be 
0jf  ^BcmaniiiHfig  murt  be  used  with  eaxt&XL 

wdiornqiMUDS  are  the  greater  li|B 
;¥iQ|«ed;  bp|  jiai^^     navigatkm  mtcreste  wilL  jpvl^i^Bii^ 

iliw  eftiotiitte  a^aoded  eoonoonr  of  metal,  ahhoiurii 

fiiiiM>tMHfeirtft«4<4y  tbe  'M'^wwrni  on  flie  wA 
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^Cbe  iiifliMon  el  wbai  li  the  eoonomie  limit  el  ]eaii%  ^idlC 

liertipMii^  a^^  page  119  of  Part  IV  of  tiieif 

te  '^Bmi|a^&^^    rtate  that  the  eocnumiie  BmitJajr 

jkiB  psobiibly  neairib^  leaehed  in  the  building  of  the 

fl||lli^^|r  ^686}  looi  fl|iaa  over  the  Great  Miami  River  a* 

MiBtr  CSnui^^  tlw  author  has  had  occasion  to  coB^pifti 

ipana  of  seven  hundred  (700)  and  eight  hundred  (800)  ieite 

reiqKindmg  euatilever  structures  and  has  found  tbeib 

lliia  quesiaon  is  discussed  at  length  on  page  687,  e(  asg*, 

is  referred  thereto.    The  continuity  of  cantilever  spans  i% 

loads  lowers  the  requirement  for  minimum  width  from 

(^)  to  about  one  twenty-fifth  (^)  of  the  greatest 

hence,  because  of  substructure  considerations,  i^ves  aia  \ 

the  cantilever  type  that  in  certain  extreme  cases  will  ilMlie 

its  disadvantage  of  greater  weight  of  truss  metal.  ^^  '?i'^^^^ 

Tlie  economic  functions  of  steel  trestles  are  treated  in 
and  those  of  steel  arches  in  Chapter  XXVI;   and  curveisr 
metal  in  trestles,  from  which  the  economic  proportions 
derived,  are  given  in  Chapter  LV. 

The  height  of  concrete  retaining  walld  at  which  it  is 
to  use  reinforcing  metal  i^  about  (20)  feet.  ri  .  .  y^^ 

In  respect  to  the  economics  of  the  medimn  steel  spedfieiEIlt 
LXXDC,  soft  steel,  and  the  standard  steel  of  commerce,  whidk  I 
between  the  two,  as  there  is  no  difference  worth  mentaoiillNi; 
the  poimd  prices  of  the  three  rolled  metals,  and  as  me^tnQt- 
properly  be  stressed  the  highest,  it  is  evident  that  it  is  the  moi^ 
material.    It  is  urged  by  some  engineers  that  as  all,  or  at  toasl^li 
of  the  reaming  may  be  omitted  when  soft  steel  is  adoptedt 
economy  in  using  the  weaker  metal;  but  the  author  maintaiHK 
reaming  or  solid  drillmg  is  essential  for  first  class  work  m 
kind  of  metal  be  used,  and  that,  consequently,  the  date 
in  employing  soft  steel  is  based  upon  a  fallacy. 
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fl|MI% 'fir  ■&' lUNXM 

ciUMS  a  coniintion  Int  ftts 

B.€L/^  ^  filled  lli»  CtoadlwKSb^ 

3pi6|itt0#il^)M  iU  Msiioqptioii  fiiit  tfai 

^iU^  1^  would  be  ePBeMl 

iiiiib|r  or  June  eould  oauae  imy  daii» 

ki  Ip^,  fearing  thai  the  ddhwy 

^QiiMwd  ^  a  few  of  the  gMer  iim»» 

eadi  flpea  (except  the  one  &8t  ereoifMQ 

fiUr.    The  extra  amount  of  me^|l  llm 

ae  the  Udder  agreed  to  pagpolB^lidi^ 

was  accepted.    It  jNromd  te  lb  a  feir^ 

iMtahvork  waa  late  m  arriviiii^  and  tlMl 

during  the  high^water  pmod. 

members  of  bridges,  and  eveia  occaidoii* 

pislidmies  may  be  effected  by  dioonng  the 

iecftdps.    Plates  and  angles  are  at  times 

and  at  other  times  more  expenstre* 

and  are  alwa3rs  difficult  to  obtain.    Deck 

I  and  tees^  are  generally  so.    Many  de- 

X%»eams  over  fifteen  (16)  inches  deep  cost 

poitmdmore  than  those  fifteen  (15)  inches 

imi^  having  one  or  both  legs  longer  than 

increase.    There  is  a  long  list  of  special 

Not  inf requoitly  it  will  be  cheaper  to  use 

even  thou|^  more  wei^t  be  involved;  and 

**  X  %Yi'  section  are  always  more  expen- 

being  more  difficult  to  obtain.    Current 

%k  to  found  in  Engineering  News  the  first 

Ifor  wide  plates  is  given  on  page  327 

of  the  United  States  Steel  Corpora- 

of  the  numax>us  shapes  of  bridge 
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fiij^ic^^      a  whole  rtHustiac^  or  aiqr  INMkt 
Mtiof  in  ifae  Aop.    fXcmxiBB,  ^ 

|i|i^  liif  ali^  «Siftlre  gioiqpt  lof  dnwiagB  wk 

||ifapj^>ijf  ttf^  ^w^rtiffw  ^  the  detail  shop  <frallH|OiH|ti 
iiieilB  *  and  to  Khnm  wrtialbt  unBbe  laeiibeiik 
p|i|iliiteiii»:ig>>  detMBmg.ol  two  hundred  and  fiflg^dii 


''■Si^^'^j"'! "' ; 


iY^ 


fllieet.    ^Fw<- 

modeifli  biil 

toa 

of  templet^  a 


iioqp  Elevated  RaOioad  oa 
;  ia  fiurty  there  were  maDy 
ftiai  th^  dould  be  ledi 
WAS  'vary  greatly  cheapened  therel 

a  aadag  in  drawings,  there  is  a  aa 
k^arvirioni  a  saving  of  the  writing  of  shoi  \l^^  a  aa 
material  Usts,  a  large  saving  in  errors,  aa^  II  oonndeidble 
field  due  to  the  avoidance  of  loss  of  tim^  ||^  fh^  wA»^imk.0 
{Murta;  for  if  there  is  much  duplication,  tij^  ip  imsAk  laili 
of  the  right  part  being  at  hand.  Dupliq^tion  |»(teilda  ^Qi 
detaib;  in  beam  work  the  end  connectioni  arp  HM^  Wis^ 
of  bdng  shown  on  the  drawings,  their  numbers  only  ai0  cMiu 
the  templets  for  such  end  connections  are  made  pennaihent|  i 
too,  are  referred  to  only  by  number  and  are  used  over  aiMt 
On  large  structures,  batten  plates,  lattice  bars,  and  other 
rqseated  elements  can  be  duplicated  with  great  advantage.  B^ 
identical  lattice-bars  save  the  resetting  of  the  gauge  on  the  I 
punch,  and  also  the  labor  of  selecting  in  assembling  the 
sides  confflderable  expense  in  handling.  It  may  at  times 
.  material  to  duplicate  the  parts  of  a  structure,  and  yet  it  may 
saving  in  the  cost  of  construction;  for,  although  the  metal  1^ 
the  pound,  if  the  evidence  of  duplication  of  shopwork  ia 
the  drawings  submitted  to  bidders,  a  lower  pound  price  wiH 

Blacksmith  work  of  any  kind  is  always  the  most  eipeoahlll 
bridge  shop,  and  it  should  be  avoided  to  the  utmost,  not 
it  is  not  commonly  well  done  but  also  because  it  coats 
drawing  room,  in  the  templet  room,  in  the  forge  shop, 
fitting,  and  assembling.    If  forging  is  essential,  it  shoidd 
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^ki  Ihli  iittttar  of  criB^^nib  in  cifdaf^ 

<kmmiitBS^  '^We  ivouht  Ml 

on^^ft  ^iiBiqi  mm  eontnet  no  malter  ivU4 

we  would^  <rf  eoum^  noa  oioipii 
^4mprot  daeper."    Anottwr  .ai^|iai^iir:-^aM^ 
m  M^  at  a  lump  auni,  199  iroolii'iaAflqi 
Mwa  <3)  feet  deep  w  oiw^  pNyvlctt^ft 
A  tUid  engiiifier  Knofea:  '^Weiift» 
ifllflnian  when  the  dear,  web  apaee  between 
<18)  indiee.    We,  of  ooune,  would 
€i^Axiftt0t  Imgth  if  the  flange  an^^  w»0 
#^^^  aaetkms,  if  we  wexe  aiming  aimidy 
%'the  kaa  amount  of  material;  but,  on  the 
a  better  job  to  use  the  fillers  when  the 
.''^    The  eoat  of  the  frag^t  on  the  filling 
iijetor  in  settling  whether  it  is  finally  more 
iittf^p  stiffening  angles,  and  this  feature  of  the 
by  the  designer.    This  matter  of  cost 
en  <rf  metal  to  bridge  site  applies  to  the 
Hi'  Wdl  as  to  the  question  of  crimping, 
ififfeienoe  between  the  lightest  possible 
^^dne,  not  only  on  acooimt  of  the  reduction 
because  of  l^t  of  erection;  and  the  de- 
best  possible  results  for  all  cases  must  be 
details  of  both  shopwork  and  field  work, 
what  b  easy  and  what  is  difficult 
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fill  to  mt^\  mu^msfiiik^ 


ioil  azid  thotOQcli  oonGBdeiatknL  anoe  a<  Imw 
toe  oU  etnietaie  under  traffic  megr  be 
^liirlbiv^^^p         irf  etieh  kmgto  ae  not  to  mterfeie  into  toft 
^^1^  cM  bridge.    There  are  manar  other  wi^  in  irhidb 

to  Ipi&ied  by  thoroui^h]^  eonaidering  toe  ereotktfi  at  the  "tope 
•jlil^Uie  is  deeigoed,  eiieh,  for  metanoe,  as  the  aapperttot 
ffltogm  oa  adTaatageoudy  k)cated  fabewoik  until  the  mir 
%lv^^^^|^^  toe  riiiiqping  of  the  plate-gNer  qianB  xWeted  ^ 

totteed  of  lequtiing  that  they  be  asBembled  in  the  fiekL 
t  ^^la  att  #oik  of  derigning  the  cost  of  the  materiab  at  tllef  e&bi 
to  itoid^  veiy  earefuUy,  abce  loeal  prices  will  oftai  enable  toe 
to  effect  a  great  saving.    Where  toe  w(»rk  is  scattered  icfver  a 
ibe:mi^ter  of  cost  of  materials  becomes  exceedingly  impevtani 
toaaces  toe  type  of  the  structure.    For  instance^  in  derigiiu^# 
bridge  lor  toe  Western  Coasti  it  should  be  remembered  thafe  stoel 
btootoe  very  costly  as  compared  wito  toe  lower  priced  weedea 
ol  toat  country.    The  opposite  conditions  obtain  in  the 
toe  United  Stotes.    The  prices  of  gravel  for  concrete  woil^ 
dieap  stone,  may  affect  toe  type  of  piers  employed.    The 
Ieuow  markets  even  better  than  toe  contractor,  but  comnHndy 
not,  and  he  will  often  demand  expensive  material  whore  % 
would  serve  his  purpose  quite  as  well.    Bough  averages  of 
unit  in  place  are  very  apt  to  produce  flaws  in  toe  econoogr  of  A 

There  is  an  economic  feature  of  bridge  building  that  is 
special  mention  in  that  it  effecte  a  large  saving  in  first  cost^ 
and  repairSi  often  for  a  number  of  years.    It  is  toe  d 
lever  brackets  to  carry  in  toe  future  wagonwa3rs,  f ootwaQoib 
street  railwa3r8,  and  omitting  putting  toem  in  until  reqioiredii 
idding  all  toe  rivet-holes  for  the  future  connections.    In  sn^. 
course,  toe  trusses  must  be  made  strong  enough  to  carry  the 
live  and  dead  loads,  and  the  coimterbracing  must  be  figured  fof 
future  and  toe  immediate  dead  loads.  .  ^ 

A  question  sometimes  arises  as  to  whether  it  is  more 
port  a  pavement  on  buckled  plate  or  on  reinforced  concretew 
is  cheaper  for  trestles  and  short  spans,  but  not  for  long  <»ies»  > 
the  deterioration  of  the  buckled  plates,  due  to  moisture  and 
should  receive  adequate  consideration.    Moreover,  the  latiBili 
shows  that  very  heavy  concentrated  live  loads  are  liaUe 
buckled  plates  and  break  up  the  paving. 

Some  of  the  most  modem  problems  in  bridge 
due  to  the  advent  of  reinforced  concrete  construction. 
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te  JnoMiiai;  and  pttbMjt'^n^ 

A  tHnratMCI  IXMUMW/MlMlliOlIM 

tfie  ^haqpni^  bill  1^ 
Hit'  boMoBis  df  the  eimGrate  wfcwi^iMi 

JpiiiiMth0r  to  adofil  a  wooden  Qv»^niNi$ 
JiishiRagF  IpidgB;  Andy  ipImii  damy.jhpom 
^tfki  im  MDflUered,  the  dedaba  flfaould  &M 
MnMimt  coutraotioii. 

0  p&iiM  dimlm^  several  liogt 

^IriltalMftod  Uodk  pavement  ferting  on  ereoMed 

iii  tobywiBuch  more  it  would  have  aoat 

eMSK/le.    Thd  laiyman  has  im  idea 

,  Mng  laerdif  the  differeaoe  between  Ittia 

f^^PHFaii^-    ^^^HaMift       WBhI^W      ^^w        ^^M'^p     ■  %Ab  ^^%tr^9%^^^%^^itt    ~APi^Vi^^MHiaM^a- 

fliir?eaee»  far  the  kurge  differeaoe  bet#een  tha 
imaMiallsr  to  the  dead  load  ihat  JNb  to 
and  the  main  jpiders  oir  truaM^  .  ftom 
%i#a  author  from  the  records  of  two  of  hil 
'Vweoitvery  B.  C,  both  of  whkdi  have  lately 
WMoe  by  German  efympathiser%  and  one  cl 
Jie^mdy  damaged  over  a  length  of  two  or 
<&e  substttation  of  the  reinforced  concrete 
would  have  increased  the  first  cost  of  the 
pr  cent.  In  these  days  of  bridge  inoendi- 
gdod  pcdiey  to  empl<^  the  more  expensive 
idopf  an  aq)halt  or  bitulithic  wearing  surface 
dlflioaii^  the  latter  are  far  superior  in  every 
from  danger  by  iBre.  However,  it  would 
in  a  block  pav^nent  l^t  rests  on  a 
ili  could  not  readily  get  at  the  wood.  A  fire 
would  make  very  slow  progress  and  could 


^. 


I  the  question  sometimes  comes  up  as  to 
^l^ffmiBci  rdnforced  concrete  instead  of  steel; 


of  this  (rtmcture  see  Chapter  UI. 
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n  itttfpoirioii  bilcliiii'i 
4iMg»  ipidalisi  bi^ng  bad  «^^i^igiiiMUbiM 
^Ifbb  tniiiitlaii     Tb(b  Mthor  lor  Mini  lai  MiMiiiittii 
«b^lw  la  tile  iiogbboriio^ 
fM^^^iiofy  im^  lor  differaat  eroMiagi 

V  tiie  qi]0rticii|i.w»0  oao  of 
%fii^Ul3r  te  o^Mibfe  of  flolittioB,  but  tb»  wtetraetate 
mimtaati^  as  eaa  be  fleen  b^r  tlia 

lilM^  pttiM^  mne  foflder  may  temi  a  iwiiieMff^i 
WlMi^  ire  bam 

^^liMlft  Oi)M^^  the  eoato  of  the  oaiitMpr^iarf 

i^j^^  ate  ecmal  and  have  ixrapared  a  layout  for  eaeiikf^ 
the  grade  on  tiiem  both  fifly  feet  and  make  aaofliBt; 
irouM  be  no  material  change  in  the  ooate  of  the 
but  tb^  would  be  in  those  of  the  substructures*    The 
for  both  types  would  be  augmented  in  a  similar  manMr, 
back-stajrs  for  the  suspension  bridge  retained  thdr  oirigiiiidfi 
However,  as  the  inclination  of  these  back-stays  would  lasmH^ 
the  load  on  the  columns  and  the  mam  piers  for  the 
would  be  augmented  thereby,  increasing  their  cost  over 
eantilev^  structure.    There  would  probably  be  oomparMlve^ 
erease  in  the  cost  of  the  anchorages  for  the  cantilever  biMi||it^''i.ii|t 
heights  could  be  augmented  without  material  addition  to  iiiiir 
But  the  cost  of  the  anchorages  for  the  suspension  bridge  wo#i 
tmally  increased  to  provide  for  the  additional  uplift  due  toite 
inclination  of  the  backH9ta3rs — ^then  the  cost  of  the 
would  be  greater  than  that  for  the  cantilever  layout  for  tfcll 
structure,  and  the  length  for  equal  costs  would  be  inc 

Let  us  take  another  example:  Suppose  that  there  are  tw4  ""^ 
crosedngs  just  alike,  that  in  one  the  surface  material  is  bcHAwM 
out,  but  that  in  the  other  the  foundations  far  the  abufmenli 
necessitating  the  use  of  a  great  number  of  exceedingly  long' 
opening  of  equal  cost  in  the  two  types  of  structure  be 
rock  profile,  it  will  certainly  be  too  short  for  the  other; 
the  soft  foundation  acts  as  no  special  hardship  in  the 
lever  anchorage  (owing  to  the  load  thereon  being 
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Mrtjikmi*  AoKJA  thAt  Jcur  ordixiftnr  joouditioBii 

to£llllDlay  it  in  tiM  flocnr  tyfltonL  Mr 
HkiB  fantxHTteiii  to  xocbioe  theiHdMd  iMd^te 

lbs.  elastic  limit,  for  Mr.  Hodfe  boilt:]^^ 
psjof  1^6$  cents  per  pound  excess.^  :Dr. 
Pff  fwnt  of  his  long-span  trusses  of  nic|a^ 
,|i  j^mi^eptoge  of  sevraty-five  (76).  In  de* 
fcaptilever  biidges  Dr.  Steinman  uses  only 
l|ip||<«riU  genei^  be  more  economicaL  All 
ill^  question  at  issue;  and  it  is  probable 
were  incorporatedi  the  flpan-length  for 
;^|f|i^|pttor  would  be  considerably  greater.  In 
l^yiokxn  indicated  in  the  for^^ing,  the  author 
good  and  valuable  work  done  by  Dr.  Stein- 
little  book.  It  certainly  will  prove  ot  great 
jm  concerned  in  the  designing  of  longnspan 

in  bridge  engineering  that  has  arisen  of 
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an  dsstic  limit  of  50,000  pounds  per  square  inch, 
itiis  (0.8)  of  a  cent  for  the  manufactured  metalr 
(the  latest  quotation  from  the  Pennsylvania 
liieimaio  pfobksn  materially. 
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ttSartiiiK  thft  pttrtkfidif 
When  the  Mring  tiiaa  tgrpe  is  pitliil 
iCiilirtliiii^  tiMidbit  praskt  to  detiBtndne  is  ifriiat  ptopodisiiiti 
HmgsmikBBist  to  the  two  ^^Miiiiisii  M^ionleii bgf^  tte 

^plf Attto^^  for  cUfEerant  ottes.    Under  mK&uiy 
lippiriM^^i^  openmg  twontgr-fiire  (2i9  fer 

|hMt  "iither  of  the  dear  cveniosi  afforded  by  the  iiilrfagiiiit^ 
jijiaBy  a^  CMT  better  faeilitiee  for  navigatioiiy  sod  tbkiifeiaidar 
aenditioos  the  exoeee  peroentage  need  not  be  mofl^  tfaea 
',  though,  neither  the  author  iior  the  detdgner 
midlf  ooMKleratioii  has  anything  to  eay  about  deoidiiig  this 
time  the  court  of  last  i^ipeal  is  always  tiie  War  Depffftment.    if  lial 
dllWEtBient  deems  that  the  dear  opening  or  opesaDg^  suggestedlQ' 4e 
be  insiAdenty  it  has  no  hesitation  whatsoever  insqniig  ^  "^ 

00^^S&itg  the  petitions  for  approval  to  increase  the  said  deir  infm^ 
&^^  o^eoikigB  as  mudi  as  its  engineers  ocmsidar  advisalde*  Up  to  the 
pfiAtik  Umib  the  War  Departmrat  has  almost  always  aooepted  plaaeef  tti 
lAiiJbof^s  in  which  the  excess  percentage  referred  to  has  been  tweoigNlve 
or  even  less;  but  its  having  done  so  in  the  past  is  no  reason  lor  asBaBdng 
thtft  its  engineers  will  always  be  willing  to  recognise  that' peroenisge  at 
thdr  maximum  requirement.  Accepting  this  settlement  of  the  qoestiii 
as  fixedi  it  is  practicable  to  compare  swing  spans  with  bascules  and  vertical 
ttfts. 

In  most  cases  when  swing  spans  and  bascules  are  compared  the  residt  is 
dther  a  stand-off  or  more  or  less  in  favor  of  the  bascule.  The  eobditioiis 
would  be  unusual  where  the  swing  proves  to  be  much  more  eooiM)iiue-*--fQir 
instance,  where  the  deck  is  very  close  to  the  water,  thus  necosiitateigm 
wdl  or  wells  for  receiving  the  counterwei^ted  end  or  ends  of  fltSfaoBCiofe 

In  almost  no  practicable  case  is  the  swing  materially  more  eedttOQlit' 
than  the  vertical  lift,  unless,  perchance,  the  opening  be  veiy  iiano#,  ^4hli 
vertical  clearance  very  great,  and  the  depth  of  the  bed  rode  mmaS^^ 
most' unusual  combination.  In  ahnoet  every  case  of  ccmiparimi  ivUdl 
has  occurred  in  the  author's  practice  the  vertical  lift  has  {mved  ]•# 
expensive  than  the  rotating  draw. 

Considering  now  bascules  and  vertical  lifts,  in  most  cases  the 
comparison  favors  the  latter  type.    It  always  does  so  if  the  vertieai 
ance  is  not  in  excess  of  fifty  or  sixty  feet.    If  the  clearance  be  Hie 
one  for  ocean-going  vessels,  viz.,  135  feet,  the  cost  of  the  bascule 
of  the  vertical  lift  will  be  equal  for  clear  openings  of  about  Oi^ 
feet  or,  in  extreme  cases,  one  hundred  and  twenty-five  fee|» 
the  movable  span,  the  closer  the  deck  to  the  water,  the  d0f||||| 
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qj^  ^^Ifiamit  lor  #»;liRii 

il^piiii  it  tibe  one  idiich  soakoi  the  firat  wiijdf 
4  fl^liMgr;  f^  there  are  maDy  other  ecoMmi^^^ 
lit  Jbdtiil  flocDeiiditare  that  are  of  fireat  imixntaiioek    Tbue 
t|»Qinplete^  Bet  of  the  various  iteme  whieh  ehoidd  be 
tgloee  eettfing  finaUy  upon  the  layout  of  cradee, 
t^baiaeter  of  eubetructure,  and  ^pe .  of  guperetnietw>»  ^ 
a  long  list,  but  it  must  be  remembered  that  it  is  iirtpriQii 
iPie  ooosideratioiis  for  all  cases,  and  that,  probably^  I9fy  Jk^ 
items  will  appty  to  any  particular  case. 
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List  ov  Fagtobs  and  Ck>imrnoNB  Affbcttno  ths.]4iPmkM.^S 


Bbidgbs 


?*wr»J[|TiJi:1SS' 


A*  Government  Requirements. 

B.  Grade  and  Alignment. 

C.  Geographical  Conditions. . 

D.  Commercial  Influences. 

E.  Ph>perty  Considerations. 

F.  General  Features  of  Structure. 
G-  Future  Enlargement. 

H.  Time  Considerations. 


I.  Stream 

J.  Foundatiim 

E.  Navigaticm  iott^oib^^ 

L.  Construction  "^   •^**^- 

M.  Erection  Coosi* 

N.  .Sfethetics.  '  '"^ 

O.  Maintenance  and 

P.  EkK>nomic8. 


•&»'d 


LfAl 


While  there  is  an  attempt  at  logic  in  the  arrangement  ol  the 
list  on  the  combined  lines  of  natural  sequence  and  comparat^ 
tance,  it  is  impossible  to  state  in  advance  for  any  particular  qiiiifti^ 
of  cases  which  are  the  items  that  should  receive  the  most 
Each  item  will  be  taken  up  and  discussed  ui  the  order  adopted 

Government  Requirembnto  u  D^ 

In  Chapter  L  the  requirements  of  the  United  States 
ulating  the  bridging  of  navigable  streams  are  treated  at 
the  Federal  Government  nor  any  of  the  State  Govemmaitii^^ 
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Wad^^ftcm,  in  ofdor^^    ^^^ 

flogkSi^  (Bifr  can  pena^  ^1 

i|lMM»  appeM»  to  be  iinoeoatt^^  '"^ 

«tid  iMcuIeg  or  ir^ftlBalfliffc  ^       ""  '^'  ' 

HjiMmijBMbr  iktermined  br  tbo 

its  oim  moriiA.  -     •  ,:^v 

to^li^lii  A  ihorter  apan  aJt  oBm^fek  fsij&B 

4#  iHbe  apan*leia«Ui8,  or  dse  to^iAam  pipi> 

K  the  deereiMn  be  amall^  it  is  aofMi* 

of  Hbe  D^arUneat  to  the  adoptiQii 


fl*  .I'm 


t\V*/^, 


^4t  B-  bridge  is  ao  low  as  to  bring  the  dear^ 

of  hi^  water  to  meet'the  Govern* 

poerible  to  persuade  the  Department 

^bnl^to  do  so  would  certainly  be  bad  policy, 

Stotes  Engineers  is  adjusted  about  right 

of  ibe  movable  span,  the  broad  statement 

should  coincide  with  the  deepest  part 

^q^^eecasional  exertions  to  the  rule,  notably 

^,  or  wh^re  it  can  advantageously  be 

jPjtttBiwiian  to  do  such  shifting  and  to  locate 

^4Mmld  have  to  be  obtwied  from  the  War 

'Have  something  to  say  about  the  angle 
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t^^-i' 


^;'iti-ttitMPiiiitf4  ■  ^Vi*ji^ 

pilii  j()pM^  brid|B  w  a  dkmr'of  aar 

jjpti^  iMUi  for  Ml  request;  and  Mm 

WlfSUBlkuii  hjffiimiiii  Kfai  A#  authoar.  tha  flfiriirniitfiiit 

•^lliiila  IlittdB^  doei  not  nay  maeh  aMaalion  te  lUi'j 

iir^Mrimteeti^  H  10  UMjr  to  inrist  that  It  ba  JUil 

::^^4fkicft^       abo,  it  doei  not  oonoem  itaetf  wi&  tha 
lidhaibiictaiia;  but  somatiinflB.  esDeeiallir  in  case  of  a  ikaii  hfiSaai 
^1^  ill  xaiKd  to  idadng  too  much  xip-«ap  around  thaftei 
IfiwIiBg  tfaa  fl^ 


Obadb  and  AxAQummm 


la  most  c^MWB  the  grade  and  the  alignment  ol  the  jaSieoad  4^^^ 
ingF  are  detormined  before  the  bridge  engmeer  is  eaBed  Mi 
#aMB  it  is  otlierwise;  and  there  arise  occasionally  oonditioiia  wlaA' 
fri  a  conscientious  bridge  specialist  to  insist  upon  a  dianfeln  dii»iJlli 
grade  or  the  alignment— or  in  both.    The  ideal  way  to  ad|iit  Ifaa 
on  «  structure  is  to  carry  it  over  unbroken  and,  piefendb^^ 
avoiding  either  a  sag  or  a  hump,  as  either  of  these  <rit>jecttmablai 
tfams  involves  loss  of  power  due  to  the  climbing  of 
Again,  any  great  sag  causes  traction  stresses  and  a  iftodt  tiMK 
better  be  avoided,  if  practicable.    The  ideal  alignment  lor -A 
not  only  to  have  it  on  tangent  throughout  its  entire  kogil^ 
oontinue  the  said  tangent  quite  a  distance  away  from  tha  bdU^ 
end.    Shaip  curves  constitute  an  invitation  for  deraibneiit;  )> 
laalment  on  a  bridge  or  near  the  end  of  one  is  liable  to  prom 
A  reverse  curve  on  a  structure  or  on  an  approach  thereto  is 
Bible.    Where  two  curves  in  opposite  directions  come  dpse 
should  be  a  stretch  of  tangent  between  them;  and  wiien  tkis 
on  a  bridge,'it  should  be  made  as  long  as  possible, 
tirely  impracticable  to  avoid  curvature  on  bridges  and  tbefar 
as  in  the  case  of  a  railroad  following  the  course  of  a  rivartluii* 
tween  high  banks  and  having  to  cross  it  from  time  to  tfanalftl 
avoid  heavy  excavations  and  tunnelling.    In  such 
approaches  are  imavoidable,  and  often  it  is  necessary  to  put  a 
the  whole  of  the  structure  itself  on  curve.    Such  a  generiil 
isted  on  the  line  of  the  Canadian  Northern  Pacific  Railwagr 
up  the  Fraser  and  the  Thompson  rivers,  crossing  them 
only  one  structure  entirely  on  the  square. 

In  some  skew  crossings,  especially  when  the  obUq 
pennissible  to  square  the  piers  to  the  structure,  thus 
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ib^fi«Diiit  H  to  tftfai  doe  also  of  lili^inirasr 

uriberB  the  transDOfttttioii  of  lani^  liettirv 

cir  aitQCBtbflr  liiq[»aoticat>lei 
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IS&lliitetrf^  tibat  will  affect  the  hsftmU 
of  the  traffic  of  wfaidi  it  wlDi  hUve 
of  ti:afflo,  such  as  sfeam  ttiStmi^^ii^ 
bcsundanble  atteatidii'iiQiilit  l^\p(4d 
j^  ialoD  care  of  all  loobable  oombiiurtilciit^  i^ 
can  be  saved  for  a  clieat  by  a  bridge 
the  questkm;  and  much  caa  be  warted 
on  this  important  subject.  '  An  indlB* 
of  the  latter  statenient  is  funiidied  hf 
bridge  to  cross  the  Second  Narrows  lit 
Jk^ourt  three  railway  tracks  were  adopted 
th^  purpoee  equally  well,  with  tiie  result 
Structure  was  increased  about  seven  hun- 
and  the  project,  in  consequence,  was 
btidn  to  tiie  dim  and  distant  future. 
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JKJJBielimes  have  a  far  greater  effect  on  the 
all  Isgitimate.    For  instance,  in  the  case 
.fiaibottd  of  Chicago,  engmeered  by  the 
bif^  prices  for  land  caused  the  oom- 
Ine  as  to  interfere  materially  with  the 
#ioeity.    Befusal  of  property  owners  to 
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#>  low  bildliB  iii&  m  opei^  apui  befaap, 

mill,  0Pfp|.  pPMBCTQCi  jIUUIv  VISIJUMVwr  jfl 

oiifNiritkflai  ^  tUft  hatoi^  on  H  biK" 

ypa^qiii  Of  wlieflier  thrm]||}i,  deck,  or  \^^^iianli0^ 

iplkiM  Has  of  eopnoiii&»i  because  deck  stmctmeB  \k 
ibttinfifiK  of  opense  in  both  substructure  and  mperstrai^|ppQ^^^ 
;|9te$  are  dKnrter  than  those  for  througji  or  hi^^iiroQiJh  i^^^ 
0^^^  qMVDS  are  narrower^  thus  causing  a  sayiof  ^y^^B»^ 
tibcii  eross-iprders  and  the  lateral  bracing.     The'  clear  I^qbi^^ 
eipecaally  for  short  epans,  is  likely  to  influence  the  IfgrQi 
The  possibility  of  using  buried  piers  and  proteetiiig 
embankments  near  them  by  rip-rap  will  not  onibr  aS^ 
pearance  of  the  bridge,  but  also  it  will  modify  the 
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In  case  a  bridge  is  to  cross  a  navigable  stream,  the 
wiU  depend  primarily  upon  whether  a  swing,  bascule,  or 
is  adopted  for  the  opening.    If  a  swing  is  employed,  it 
quire  an  expensive  draw  protection,  while  for  a  bascule  or  ^% 
some  comparatively  inexpensive  dolphins,  either  with  or 
folder  walls  of  sheathed  piles,  will  suffice. 

The  possibility  of  building  an  arch,  a  cantilever,  or  a 
instead  of  a  simple  span  structure  would  affect  the  layout  lit 
ph3rsicfi31y,  SBsthetically,  and  economically. 

Again,  the  material  adopted  for  construction — iidie&er 
Crete,  steel,  or  timber — ^will  have  a  similar  influence.  ,> . 

The  matter  of  shore  protection  is  not  likely  to  affect  ^Setfof^. 
out  for  a  bridge,  although  its  use  certainly  does  increaset&ii 
but  it  might  be  the  reason  for  shifting  the  crossing  to  9k 
the  bank  is  better  protected  by  nature  against  scour.      •    ^^m 

Fmally,  the  layout  is  affected  by  the  character  of  tba 
they  may  be  of  earth  embankment,  timber  or  pile 
or  reinf orced-ooncrete  girders .  or  arches.  /^  -^ 
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Atp3i%  ibe  lengtli  or  A^illtriiiki 

tliii^  II  W  be  citMed  ^^^ 
"""^  ^  iP^e^t^       layout.    Tlie  Ui^  ptftib^ 


^^^. 


r^fV' 


r|M;  pixnrtaiit  feativeB  in  tbe  de8|piQ|vii 

ii(  tiid  drift  detenniM  tii#^tttfMQp|iii 

and  tb0  botttom  of  fbe  MjiiiitKWM* 

the  pier  kei(^t;'/uid  i^  aiiioitftt  and 

an  kaportaQt  factor  in  the  derigii 

thmi'  leiigUi  and  the  efaaract^  of 

of  the  cost  of  the  piers  tends,  for 

to  |Mu»  the  probable  Tnayimmn  fikKxt, 
liilX,  will  often,  settle  the  total  length  of 
ffiaisittg  the  h](^  water  mark  that«¥as  de- 
The  profile  of  the  river-bed  and  the 
which  it  is  ccnnposed  are  likely  to  affect 
i^niie  expensive  protection  of  mattress 
said  scour.    The  frequency  and  extent 
ixiBt  of  building  the  piers — and  hence  also 
will  also  the  questions  of  rise  and 
^pibifiing  water,  reversal  of  current,  and  the 
of  levees, 
iiie  possibility  of  the  permanent  shifting 
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of  the  channel  from  one  side  of  the  river  to  the  other.  If  this  possibility 
exist,  one  of  three  things  must  be  done,  viz.:  first,  two  movable  spans 
must  be  provided;  second,  some  effective  method  of  retaining  the  channel 
in  one  position  must  be  arranged  for;  or,  third,  the  design  must  be  so 
made  that  any  fixed  span  of  the  structure  may  at  any  time  be  converted 
into  a  vertical-lift  span. 

Foundation  Considerations 

Important  also  in  the  determination  of  layout  are  the  character  and 
the  depth  of  the  substructure  foundations.  The  deeper  the  piers  have 
to  go  the  longer  will  be  the  economic  lengths  of  the  spans.  Again,  the 
more  difficult  it  is  to  penetrate  the  materials  overlying  the  bed-rock  or 
final  foundation,  the  greater  the  cost  of  the  piers,  and  the  longer  the 
economic  spans.  The  ultimate  depths  to  foundation  and  the  materials 
to  be  penetrated  determine  what  process  of  sinking  to  adopt;  and  as  the 
cost  of  the  substructure  depends  upon  the  said  process,  so  also  will  the 
layout. 

Navigation  Influences 

The  influences  of  navigation  that  are  likely  to  prevail  during  the  time 
of  the  contractor's  operations  may  be  of  such  moment  as  to  affect  more 
or  less  the  design  and  the  layout  of  the  structure;  although  this  is  not 
very  likely.  Again,  the  possibility  in  the  future  of  greatly  augmented 
river  traffic  may  influence  the  type  of  movable  span  adopted. 

Construction  Facilities 

« 

The  availability  or  otherwise  at  the  bridge  site  of  sand,  gravel,  concrete- 
stone,  a  machine  shop  for  repairs,  and  a  rfeliable  source  of  supplies  for  the 
work  and  workmen,  the  accessibility  or  the  contrary  of  the  site  from  the 
nearest  railroad  depot  or  siding,  the  length  and  difficulty  of  wagon-haul 
or  other  means  of  transportation  of  materials  and  supplies,  the  facilities 
for  securing  and  retaining  labor,  and  the  availability  of  suppHes  of  timber 
and  piling  all  affect  greatly  the  cost  of  the  substructure  and  to  a  minor 
degree  that  of  the  superstructure — Whence  also  the  layout  of  spans  and  piers. 

I 

Erection  Considerations 

The  difficulties  that  may  be  anticipated  for  erection,  and  the  method 
thereof  finally  adopted,  whether  by  falsework,  cantilevering,  semi-canti- 
levering,  or  flotation,  are  important  factors  affecting  the  layout  of  the 
structure,  as  are  also  the  questions  of  the  maintenance  of  traffic  and  the 
replacement  of  an  existing  bridge. 

^Esthetics 

Too  often  the  question  of  aesthetics  is  totally  ignored;  but  when  it  is 
given  proper  consideration,  it  may  cause  modifications  in  span  lengths, 
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of  the  stringers,  stringer  bracing,  end  stringer  brackets,  and  intermediate 
and  end  floor-beams.  There  are  two  lines  of  stringers  spaced  seven  (7) 
feet  centres.  In  respect  to  the  metal  on  piers,  the  pedestals  and  the 
bases  are  of  cast  steel,  and  the  weight  of  the  pedestal  pins  and  their  nuts 


10  tS  20  ^ 

La/Tf//rfff^an  rn  Faaf  Ouf  fo  Ouf. 

Note, — Four  beams  per  track  used. 
Pto.  5Sa.    Single-track-railway,  I-beam  Spone — Total  Metal  in  Span. 

are  mcluded  in  the  weights  given  by  the  curves.  In  respect  to  the  latr 
eral  system,  the  bottom  laterals  of  through  spans  and  the  top  laterals 
of  deck  spans  are  of  two-angle  section  in  the  form  of  a  T  with  transverse 
single-angle  struts  between  stringers  to  take  up  the  effect  of  train  thrust. 
The  top  laterals  of  through  spans  and  the  bottom  laterals  of  deck  spans 
are  of  four-angle  I-section  laced.  The  portal  bracing  is  of  the  double- 
plane  type. 

Figs,  55o  to  555,  inclusive,  give,,  for  single-track  railway  bridges,  the 
weights  of  metal  per  lineal  foot  of  span  for  rolled  I-beam  spans;    deck 
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T^uai£^miis— Metal  in  Latenb  and  on  Picn. 
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lietual  lengths  of  metal.    This  is  much 
^tion  of  the  eaeact  lengths  of  the 
^epctea  work  for  the  computer.    Should, 
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however,  anyone  desire  to  use  tlie  actual  lengths,  all  the  percentages  given 
by  the  curves  are  to  be  incroased  by  two. 

ITg.  55j  involves  the  use  of  "double-tracing"  curves,  hence  it  may 
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no  furth(>r  explanation,  pxccpt  that  the  bottoni  lateral  diagonals  of  all 
truss  spans  arc*  eomposcHl  of  four  anglect  lac^-d  in  the  form  of  an  I,  that  the 
weights  for  double-track,  deck,  plate-girder  spans  arc  just  twice  as  great 
as  those  for  the  corrcs{>onding  single-track  spans,  and  that  the  weights  for 
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half-through,  plato-girder  spans  are  less  reliable  than  the  other  records 
because  the  restrietioiw  in  respect  to  vertical  distance  iK-twecn  clearance 
line  and  base  of  rail  will  modify  materially  the  weight  of  both  the 
lloor-beams  and  tlic  brackets  that  stiffen  the  top  flanges  of  the  main 
girders. 
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question  of  percentage  to  add  for  details  is  likely  to  be  aa 
Of  course,  the  assumed  percentage  cuts  no  figure  in  the  filiai 
by  knowing  just  about  what  is  right,  the  computer  will 
possibly  two  re-figurings  of  stresses,  sections,  and  weights  of 
by  an  excess  in  the  resulting  dead  loada 

In  the  days  when  he  built  pin-connected  spans  the  autllM^, 
percentages  for  details  varying  from  32  for  short,  light  spans 
20  for  long,  heavy  ones;  but  in  view  of  the  improvements 
ing  since  then,  and  especially  because  of  the  adoption  q{ 
heavy  compression  members,  he  would  suggest  that  the 


•r .' 


■  .  W^WUF'i  ^W^^^"  VPB^^^.  ^  ^^i^^^  ^i^W^^^  f^^^^^  _  ^    ^^^^y--  . 


^ 


iffl 


.-    -•    ,«Brnafifu-    ^-    ^ 


^  -.  k  ■  «  I  ^  -. 


i«ici»*iii«a«attai«i»ii««s«iv«Baaaii^'^     «, 


iif  «f  a  <  K  » 


--•..'5  ^ 


iviiai«ir4'Ui»«B«  ■) 


»  •««' 


■  »fr  ••   .(»•• 


rj»'r'«ft»a««li* 


■1VTn>v#v4 


nEEiB 


iMRHaax    'ft     «*a-'«sv^iftB^««»i^      a.  c 
'•ana*    ''       m  m  9  ',    '^•P-Asw^aairc   .««•««»««•'>' 
•  ««ar  •««'    '••      '/f««it«K«*'.tti!«aa«iiir-''j»*«. 

tr«««iHa'^a       '     ««a*.'       ««■•««»-'  tf-kavK****     a>Lii'iai 

#»*aa«M-     aaa«K»     Aaaaaaa 


1  ts  4  *  'i  a  I  -0  f  ' 


•  a  a  »     ■>• 


I  ■    ^  n  w  M  , 
<  II  a  >r  a  ( 


-  .«         4;»»««A     '  tfavaaasA'^aaaawaaAi* 

__.  _       .__  __._.      _._  _.__««Ra>'«ia««-aa«a>''.a#«a 

'wanravaa     j-i;sv«««.f^»^->\      <»afff'^>*'aiia«*aia>ii     ««atiar« 

»r0«f^at«ai  •>   .aaaaanK^aaiiatfS^Mft^  ^avawafta 
■ rfji«B#«-    ,aa»B''a(ii     aaaaaaaai''     n-^*      - 

-         -. __  ■      ia»     avaaaaaaa*' 

-1     v»«aa»     aaa.tt      .n*s««  c^Baaaa^Bs^^.tfaaa 

.•■PMaa   .sea*  w    <^aiia««a'«0     aaaaawhau^-    ia«» 

-  ~.  9'k     AWsatfaa     ^aaaaf   -  w     «ai%«aft4iaa#     a<^«««nBaa 
4     a^nmmwr  ^  ^mm-y^  '.mraafe^aaa^..  aaaa««aaa* 

.i.aaaa«^^a««««»tt»a«t»     ..««■■■«     r.'-naaaa 

ii.>aaaMiaaa     » 

4*     a  aaa»a  r  ^inmaaaaa'     aaaa».   -   «        aaaa  a  a  m  wa  a  a  »"   .  a  a  «  n  a 

-"-"---      --iaaaa'-^aaaa#a      ■'-^aaaaar^Dfaav     atavaaaa 

■m»*      aaaa**     a       .««raaa-         >^v      •'Vftscaaaa 

-F-      -:-'       ^««akda'.4«ataaii.^^aaaaBa#>      Aaaaaaaa^       >      «a«a*dw««aaa« 

-'VaaafJ'     '    *     •«a«9aaaBaa%aaa4ia«a 


--       -.  ^ 'ttS 

-••aaaaiaa'  aawapaa*'«aaaaaai_ 
laaa*     aa'"   ^aaa^aaa^^aaaaaaaaw     <_. 


aaaaaa:%f(ra«  3a-flHa»jftB 


/T-  a  •  a  *i 

-aaffaaaaaa''   « 


'"   aaaaaaaaaaaaaaaaaaaaaaftM  r  ^  f'.'FkH-:.  •« 


•  a      M. 


vv«a«aaaa^     aaasaa 


4wa«anaa«aji~ 

laaaaaaaaaaat 

.laaaaaavaaaaaaa. 


!»->;CjiM»«ae 


9ii»     jfaaaaaaaaa  wm  mt 
f     ,.  p     ^«aBaaaaft:aawaa«aeaBaaaa 

aaa  aa  a 

^ aaaaaa 

aasiaaBBaaaaaBaaaaaBaaaaaaBBa 


mm 


It  •  •■> 


_  .  :■  »  « 


i 


IIIIIIHIIIHI 


ra 


iaaraaa«aa««« 


lOJ 


:4^ 


ao    m    at    M    m    M 


Biveted,  Fratt-traoi  Spaba— Total  Metal 
IftStpan. 


Wmab^  as  there  is  in  riveted  structures; 
vll  1^  ICradual  decrease,  mainly  because  of  the 
imdi  therefore,  the  smaller  proportionate 
the  percentage  depends  more  upon  the 
lof  jthe  load  carried;  consequently  greats 
rii^ves  that  the  percentages  just  given  for 
r  jrelidble  and  on  tiie  safe  side,  and  that. 


dMiddd 


m^ 


1%^:?;^: 


'v^^'  i 


v»'t»»ib-i''».<.v 


il6i«lk 


■>!*»*-•"'.      .  'tl  A   V  ^  Ml  ^  1ft  i^t  1  J  J  Ik  » 

k    1  V  X  k<  :f<  ■  B  «  >  t  4  <('  n  I  »  M  «  i(  C  t'  »  »  «    I    « 

.,-,-..._.      .    _   -  -   .      _  „  .  c  »  •  '!•  («  ■»  »■  e.  a  s  »  »  ■»  »  w  *  »  *  »  fr  »  '   — 

.J  <j  n  i-.  ?  i  -  ,■>  :   g  i  i:  i,i  '-:■  3.  1  -  :,    i-  s  e  «  -.-  T  •,  *  ^  a  -,  r  i  *  n  e  «  i  ^  .  - 

I    -.    ■-■    »  ,<   1     '  J   «  t.  »  fc  » 


?■««-*  W  51, 


<ri«*iMiiiia«M  aiii«>ri>m«.  y  » 


.  ^  V  »f »«  -^  . 

_  ■  a    .  '<•  fC  ■ 

•■  ■'  ..  •  il  *  ^ 


i-' 


J,.. 


♦O*  >'". 


M 


m"    -  -   af  *  *  H  »■  A  !t;  *    '■  ■'---■■ 

-*»-.«-•-        ^  _.  m^fi  m*  m%m»nm9*i 'm'^  m^m9^^• '■..*■'   '■.  ,  -  j,  n  .-  - 

'   ^siipaaMiicsMs^nAvviiiMiiaBfiBKaai**— '  .^mmk  ■   .'. 
i>  •i«iiiii»aa»»maii»MiiRaic»~.,i 

•  •«*  ••»>■'•'■-•._,  .<(««iK»t      -  i?  mi.  .-. ;. - 

tr.nwaaav  a  «'«»••■■■■«■■■■■■■«»•  ■■"'^ .aowM  ««  mc  «  ..  .  . ._. 

•  8««iMa«aaia«!iiMfl«M»<i««""~~  '      ..  ...r  aaiiiaa«««i',i««N»a«ai«i»«i<'  t.fimutmv  «.<< 

i>;««si;^a«»a%iiie«»»an*aaii««*«'iiiiBs«i>a««««NBaa»««vt.»ffirin«sMenis  vj:f  - 
r««Kkai«Baa««*aaaaaaBBaaBB«««aaaaBKaas*N*BiiiBKb«*»]:aa&ih:>i(ji  »:>   . 

■  aii«»a«aa«aBaaaaaaaaaa«aaaaaaaaaBaasaawa«a»«^««aMicaa»-s»iii4«H>' 
*a!lr«B■aaBaa•eBaaBllllaaaaa8»aaaBaBaBB«aa•B■•Ma■aa8Bw»'«alB')-:*Vir-^'>'<' 

■  «<'«M«iiaaa«B«*«*aaaaiiaaa8BaaBaaaBa8«i8aaBBnaaa«r»»'>KaBr?er'.-->i.i:r 
<aa«8a«waBaB«aaB8a8aBaaB«aaBaaaaaaB«avaaaM«Baai»aaa>aa»pi»ii^ri 

■  8aaMaaaaaaaBBBaBaaBBP8aaaaaaaBaB8KBaaaiHvaBaa*aiiii<iAr.i>.uK»».  i'T 
aaaBaBHBaaiiaaBaaaaaaaBBaBBaaBaB8aaBaaaaia0Baaa*aa«Sfr'xiiir*ii>'>*' 

BaaaaaBaaaaaaaaaBaaBBaBaBBaaaaaaaaaaaaaa aaaaaaaava wMtr - 

iBaaaaaaaaaaaaaaBaaaaaaaaaaBaBBaaaBaBaBaaaaaa «■■««•  «d".  . 
BBaBaaBBBBBBaBBaBBBaBBaBaaa8BBBaaMaaaBaBBEaaaaBaaaa><sn'' 
BBaBaaBBBaaaBBBflBaaaBBBBBaaBBBBaaaaaBBBBaBaBBaaBBff^' 
a  a  a  a  a  a  a  a  a  a  a  a  B  a  a  a  a  a  a  a  H  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  ■••  3>  ff  I 
'aaBaaaaaaaaaaaaaaBaaaaBaBBBBaaaaBaaaaaaaaaaaBfeH^'i^«< 
BBBaaaBBBBaaaaaBBBaBaBaaaaBBBaBaBBBaBaaaaaBBaaBtfi 
aaaaaaaBB'  BaaaaaBBaaaBBBaaaa'..  BaaaaaaBaaaaBiaBa*'  »       «««ft. ^  >h-. 
aaaBaBaav4a»i;:.r\:rra'irBaaaBaM'fvrN..-'-jnrxaaaa»a''«'  ■**  <«•«>«*<?.> 
BBBBaaaa'-ar.  ir,a««  .-^'^  *  *nmmm*nw  s  at  m  I'.w  *t  i    .aaaaBB'  <■  .«■«     .»ji>-m-^ 
BaaaBBBaBaaaaBaBBaaaaaaaaeBaaa^JBaaaaaaaiiBBaBB  .'-.  *■    .^bmkx^-l 
aaaBaaaaBBaaaBaaaavBaaaBaaaBaaaaaBBaaaBBaaar  -  .m  ii^h**m^k»»*^^  • 
8BBaaaaBBBaaBaaaaBBaaaBBaBaaaaaaaBaaaBBaaa^    ^um*^ j^m r %»»'»■» rutm 
aBaaaBBaaBBaaBBaaBBaaaaaaaaavBaaBBaBBBBaa''  ^aaaaMaasaava.«>^*'' 

~~ ^aBBBBBBBaaBaBBBBBaaaaaaBBaB  '  ^aaaaaMKa  ^sawas/ 

BaBBaBaaaaaaaaaaBaBBaaaBBBBaa»^-«aBaaBaaBBa«*iBb^««w-.. 

aBBaaaBBBaaBBBBaaBaBaaaBBBrrBBaai>--^«aaaaaBaBBaaaBB«BaMi»c»«  « r 
aBBaBaaBaaaBaBaaaBBaFTB'T^.'-''''''..aaaBBaaBaaaaBaaaaa«BBBB«»9>->'i 
aaaaaaBBBaaBaaBa'^r!iaaV''r'  ':.«aBaaBaBaaBaBaaBBBaBBaBBaKBi:i«»'N'i 
aaBaaaaaaaaBBBa>"ifah~~^«aaaaBaaBBaBaaaBaBBaaaaBBaaaaB«.»r'v»a> 

__  ,^,B,B,B,BBiB«iiaBaaBBBBaaBaBa8BBBaBii  ail**  .  .-< , 

iBaaBBBaaaaadaaaBBKSK  ?<''-■< 
a8BaaaaaaB^«aaaBaaaBaaaBaaaaaaBBaaaaaaaaBaaaBaaa8BBBa«aac'&'  .<- . 


aaaaarir  .'..r  .r  ■'iaa^'l    rar  ' 


w 


88888 BaBBBBBaaBBBBBBBBBaaaa* Ma BB 

aaaaarir  .-..,  .r  ■ias'-.'!  v  mr  ->  i -eii  .  r  JBaaaaaaaBBaaaaaf  r  /  :  ■-  .•■' 

aaaar«//«BirrraBV«/a  JB4a^r  "'.^t  raBaaaaaaaaaaaa(i''fj-  '^■■aaa'** 

aBBBaaaaBBBBBaaaBBBaBBaBBBaaaBaBaaaBaBaBaaB^-".  if"!  *.  b»  "v.^i 

"^•aaaaai  "  -.«jiu«a' 

aaaBaaaaaaaaaaaaaBaBaaaaBaBBB«*-r.«aaBaaa8*-_  .^r-i  -■.< 

'~aaaaB"-":-«aaaBt8'' "  -^.aBaB' 


.-■laBBaBaaa"—:;^  .j'TT  iBBV'^- 
.^aaaBaai  vj ''        -.aBBBi 

BBaaaaaMraa*: «  - 

'-^^^aaaiBaaaBiiiBBaaaaaBBaBBBBBBBBaaa. 
aaaaaBaBBBBaaaaaaaaBaaaaaaBaBBBBBaaBaaaBaBBBBBaBBaaBBBBaBaMP^'s?x.^4'r 

aaa  •■8a8«c»  »>  *-.,\.-:   .  r 
BBaaaaaaaa  aBaaaaaaaa  aBaaaaaaaB  BBBBaaaaaB  BBBB  a  aaaaa  B8BBB  8  a  u  If  V  jf^*  w  a-  >  * 


BaaaaBaai 


laBBBaaaBBaaBBaaBBBBBaBaBaaBaaaBai 


iaBaaB8aaBi'i<>r>><>c. '--.It 


BaaBaaaBaBaaaaaaaaaBBaBai 


^a^       300       m       6oo       soo       too, 

Len^^h  (^Span  /nfMt 
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Floor  System,  Laterals,  and  on  Piers. 
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FiQ.  55«.    Doable^ntok-railway,  Tliioii{^»  Pin-ooimected,  FratMnw 

in  Floor  System,  Laterals,  and  on  Pkrea 


same  as  for  a  fixed  span  of  equal  length,  provided  the 
distance  between  central  planes  of  trusses  is  unchanged*    Stsft 
track  bridge  the  weight  can  be  found  from  Figa  55e  or  Fig.  46fl^ 
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Note. — ^The  weight  of  the  girder  is  to  be  included  in  finding  tli0 
Fio.  65j(f.    Plate  Girders  with  Riveted  End-conneotionih-MellA 


total  loads  at  comers,  varying  from  small  amounts  up  tO;^ 
comi^.    All  shoes  are  of  cast  steel;  and  the  weights 
pedestal  pins  and  nuts. 
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Note. — The  weight  of  the  truae  is  to  be  included  in  finding  the  load  od  the  truiiti. 
Piu.  55(w-    Throu^,  Riveted  Prult  Trusses— Metal  in  One  Truas. 
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NoTB. — ^The  wdfj^t  of  the  truas  is  to  be  induded  in  finding  Uli^J 
FiQ.  55M.    Through,  Riyeted  Petit  TruBsee— Metal  W 


'  -'  ^*yK^ 


lenf/heT^sn  in  feet 
—The  weight  of  the  trues  is  to  be  included  m  finding  the  load  on  the  trusa. 
Fio.  55ti.    Deck,  Riveted  Pratt  Truasea— Metal  in  One  Truss. 
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0  /v  zoo 

Span  iMtg^h  /fj/ittf. 

Noa.—Tbe  might  of  Uw  tnua  is  to  be  included  in 
PiQ.  fi^'.    Light,  Tliraugh,  Riveted,  Highway 


NoTB.^The  weight  of  the  truaa  is  to  be  included  in  finding  the  loud  on  the  truBa. 
Fio.  5Sfct.    Through  Pin-connected  Pratl  Trussca— Metal  in  One  Truas. 
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Hon. — ^Hw  wril^  ot  the  tnias  is  to  be  inidudad  in  find 
Flo.  fiSII.    Tlmnigh,  I^n-ooDnected  Petit  Tnamm    H 


I  WEIGHTS   OF  STEEL  BUPEBSTRUCTURES  1257 

r  Sinolb-Track  Railway  Trbbtlbs— Type  I 

Figs.  55nn  to  55rr,  inclusive,  show  weights  of  metal  for  single-track, 
^Kam-railway,  steel  trestles  with  every  alternate  span  a  tower  span,  up 
la  a  limit  of  two  hundred  and  forty  (240)  feet  In  height,  measuring  from 
tap  of  masonry  to  baae  of  rail. 


Tbfcflootfm  fbundt  m?  Are  SAoe. 
Pio.  SGmm.    Metal  on  Piers  for  Tnisa  Spans. 

Fig.  55nn  gives  the  weights  of  metal  per  lineal  foot  of  structure  for 
tfie  girders  and  girder  bracing.  (It  is  to  be  noted  that  there  are  no  cover 
plates  for  the  top  flanges.  They  are  omitted  so  as  to  avoid  notching  the 
ties  to  fit  rivet  heads.) 

Fig,  55oo  gives,  for  various  heights  from  top  of  masonry  to  base  of 
r«l,  the  lengths  of  tower  spans  and  of  intenne<iiate  spans,  and  the  dis- 
tances from  centre  to  centre  of  towers,  the  employment  of  whirh  will 
make  the  weight  of  metal  in  the  structure  a  minimum. 

Big.  55pp  gives  Weight  of  nieUd  for  IkiIIi  the  longitudinal  iiiitl   the 
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iO        30         40        50        GO        70        80        so        100       /lO 
Length  of  Span  Cen/er  fo  Center  of  Columns 
Fia.    55tm.     Suiglu-lrack-nulw-ay    Trestlos,    Type    I— Metal    in    Girders    and    Girder 
ilrjciug. 
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Fig.  55qq  indicates  the  weights  of  metal  in  Urn 
tofWOT.    This  is  a  ''double  tracing"  diagram  simOir.^ 

Fig.  55rr  shows,  for  various  heights  of  trestk^: 
weii^t  of  metal  per  linesd  foot  of  structure. 

Fig.  558S  gives  the  approximate  maximum  loadi 
trestles  of  this  type.    It  fdso  is  a  ''double  tracing^' 

The  above  diagrams  were  figured  upon  the 
tures  were  on  tangent.    For  trestles  on  curves,  the 
are  to  be  increased  two  per  cent  for  each  degree  of 

S1NQI4B-T1UCK  Railway  TbesiXiBEH— 1 

Figs.  55U  to  55zz,  inclusive,  give  weights  of 
railway  trestles  for  an  assumed  t3rpicai  layout  in 
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widilMii^lilj^^  and  the  disfcanoe  oentro 
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1^1)6  II  can  be  found  from  Fig.  55aa,  which  was 
trestles  of  Type  I.  For  the  pedestals  under  the  towipriii 
to  enter  with  the  sum  of  the  lengths  of  one  tower  spaOr 
diate  span,  instead  of  the  distance  from  centre  to  ca^lsPt* 
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mt^mediate  spans  is  to  be  used.    For  the  tower 
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Doublb-Track-Railwat  Trestles 

The  author  has  never  had  occasion  to  extend  systematically  his  re- 
searches so  as  to  cover  double-track-railway  trestles,  although,  of  course, 
he  has  de^oed  and  built  structures  of  that  kind.    A  rough  approxiimi- 


im 


I 


30  ■» 

OTE. — Ent«r  lower  portion  of  diaKnim  with  the  height  of  tower  and  the  length 
«rmcdiatc  span,  and  trace  vertieiUIy  upwurd  to  the  curve  for  the  live  load. 
Fig.  55W.     Single-track-railway  Trestles,  Type  II — Metal  in  One  Tower. 
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Length  of  InHrmediate   ^3an  !n  Feef 
Pig.  55wuj.     Single-track-rMlway  TrcHtles,  Type  II — Metal  in  Towcni  and  Benta  for 
ClosHes  40,  45,  un<l  50. 
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tiou  for  the  weights  thereof  can  be  made  from  the  [n«cedmg  diagrams 
for  Eongle-track  railway  trestles  as  follows: 

A.  For  weights  of  girders  and  girder  bracing  use  twice  those  ^ven 
for  single-track  trestles. 

B.  The  weight  of  the  longitudinal  bracing  in  towers  for  double- 
X         40         SO  a         70  40         »         SO         70  30 


^e/yft  of  /nhrmediafa  ^oan  «  feuf 

]  Towen  and  Bents  lot 


track  trestles  can  be  taken  as  one  and  eighHenths  (1,8)  times  that  for 
sii^le-track  trestles,  because,  although  the  thrust  of  train  b  twice  as 
great,  the  weight  does  not  increase  directly  as  the  traction  stresses. 

C.  The  weight  of  the  transverse  bracing  in  towers  for  a  double- 
track  trestle,  includii^  that  of  the  cross-girders  at  top  of  bents,  can 
be  taken  as  one  and  seven-tenths  (1.7)  times  as  great  as  that  for  a 
single-track  trestle. 

D.  The  weight  of  columns  for  a  double-track  trestle  can  be  assumed 
as  one  and  six-tenths  (1.6)  times  that  for  a  sii^le-track  trestle. 
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are  then  calculated,  and  their  weights  are  determined  from  Fig.  55^. 

The  weights  of  the  girder  bracing,  of  the  longitudinal  and  transverse 
bracings  of  the  towers,  and  of  the  transverse  bracing  of  the  bents  will 
be  about  the  same  as  in  the  case  of  a  single-track-railway  trestle,  pro- 
vided that  %''  minimum  thickness  of  metal  be  employed.  If  the  use 
of  ^le"  metal  be  permitted,  the  weights  should  be  reduced  twenty  (20) 
per  cent. 

The  weights  of  the  columns  can  be  found  by  the  fonnula^ 

in  which  C^  =  weight  of  columns  for  a  single-track  electric  railway  trestle, 
Cr  =  weight  of  columns  for  single-track  steam  railway  trestle,  and 
r  =  ratio  of  the  live  plus  impact  loads  for  the  electric  railway 
trestle  to  the  live  plus  unpact  loads  for  the  steam  rail- 
way trestle,  as  above  defined. 

In  case  it  be  desired  to  apply  the  diagrams  to  a  double-track  electric 
railway  trestle,  it  will  be  necessary  first  to  figure  the  weights  of  metal 
for  a  single-track  electric  railway  structure  as  just  indicated,  and  then 
increase  the  weights  of  girders,  of  girder  bracing,  of  transverse  bracing  in 
bents  and  towers,  and  of  columns  as  previously  explained  for  double-track 
railway  trestles.  The  weight  of  the  longitudinal  bracing  of  the  towers 
will  be  about  the  same  as  that  for  the  single-track  steam  railway  structure. 

For  electric  railway  trestles  on  curves,  the  weights  found  in  the  above 
manner  are  to  be  increased  two  per  cent  for  each  degree  of  curvature, 
as  in  the  case  of  steam  railway  trestles. 

The  weights  of  electric  railway  trestles  obtained  as  above  are,  of 
course,  approximate  only. 

Cantilever  Bridges 

Cantilever  bridges  may  be  divided  into  four  general  tjrpes,  as  shown 
in  Fig.  bbaaa. 

Type  A  consists  consecutively  of  an  anchor  arm,  a  cantilever  arm, 
a  suspended  span,  a  cantilever  arm,  and  an  anchor  arm.  This  is  the 
most  commonly  used  of  the  four. 

Type  B  consists  consecutively  of  an  anchor  arm,  a  cantilever  arm,  a 
suspended  span,  a  cantilever  arm,  a  central  anchor  span,  a  cantilever  arm, 
a  suspended  span,  a  cantilever  arm,  and  an  anchor  arm. 

Type  C  consists  consecutively  of  a  suspended  span,  a  cantilever  arm, 
an  anchor  span,  a  cantilever  arm,  and  a  suspended  span,  each  of  the 
two  suspended  spans  being  hung  at  one  end  to  a  cantilever  arm  and 
supported  by  a  pier  at  the  other. 

Type  D  consists  consecutively  of  a  suspended  span,  a  cantilever  arm. 
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an  anchor  span,  a  cantilever  arm,  a  suspended  span,  a  cantilever  arm, 
and  an  anchor  arm,  being  similar  to  Class  C  at  one  end  and  to  Class  B 
at  the  other. 

For  the  purpose  of  plotting  weights  of  metal  the  following  ratios  have 
been  assiuned,  as  indicated  in  Fig.  55aaa.  They  are  as  nearly  as  may 
be  the  economic  ones.  Calling  L  the  length  of  main  opening,  or  that 
of  a  suspended  span  and  two  cantilever  arms,  the  length  of  the  suspended 
span  is  ^L,  that  of  each  cantilever  arm  and  of  each  anchor  arm  is  %q  L, 
and  that  of  the  anchor  span  is  ^^. 

The  average  weights  of  metal  per  lineal  foot  for  total  length  of  struc- 
ture have  been  carefully  figured  for  main  openings  varying  in  length  from 
300  to  1,800  feet,  and  have  been  plotted  on  the  diagrams  show^  in  Figs. 
55bbb  to  55mmm,  inclusive.  Figs.  55666,  55eec,  55AAA,  and  55kkk  give 
the  weights  of  the  floor  system,  lateral  system,  and  metal  in  anchorages 
and  on  piers,  for  each  of  the  four  types  of  cantilevers.  These  weights  are 
practically  the  same  for  riveted  and  for  pin-connected  spans.  Figs.  55ccc, 
55fff,  55tn,  and  55111  record  the  weights  of  trusses  and  total  metal  in 
bridge  for  riveted  structures;  and  Figs.  55dcH,  55ggg,  55jjj,  and  55wmm, 
afford  the  same  information  for  pm-connected  bridges. 

It  should  be  noted  that  Type  C  gives  the  least  weight  per  lineal  foot 
for  total  length  of  structure;  but  this  does  not  necessarily  mean  that  it  is 
the  most  economic,  for  the  main  opening  provided  is  only  eleven-sixteenths 
of  that  in  the  other  types,  A  discussion  of  the  economics  of  the  four  types 
of  cantilevers  will  be  found  on  page  587,  et  seq. 

The  curves  for  the  weight  of  the  pin-connected  trusses  were  obtained 
by  the  direct  designing  of  the  trusses  for  a  number  of  span  lengths.  Those 
for  the  riveted  trusses  were  figured  from  the  pin-connected  curves,  taking 
due  account  of  the  high  percentage  of  details  in  heavy  riveted  trusses, 
which  in  the  case  of  the  Fratt  Bridge  over  the  Missouri  River  at  Kansas 
City  ran  as  high  as  fifty  per  cent,  instead  of  the  usual  thirty-five  per  cent 
for  ordinary  spans.  The  curves  for  the  pin-connected  spans  have  been 
carried  out  to  a  length  of  1,800  feet,  and  those  for  riveted  spans  to  1,400 
feet.  The  use  of  riveted  trusses  for  spans  as  long  as  the  latter  limit  is 
very  unlikely. 

Transformation  Formula 

It  is  often  advantageous  to  know  how  to  obtain  the  weight  of  metal 
per  lineal  foot  of  span  for  any  portion  of  a  bridge  when  the  corresponding 
weight  for  that  p>ortion  of  a  similar  bridge  is  known.  For  instance,  if 
the  truss  weight  or  the  floor  weight  for  a  certain  bridge  and  a  certain 
loading  be  given,  what  would  be  the  corresp>onding  weight  for  a  similar 
bridge  having  a  heavier  or  a  lighter  load?  Or,  if  the  truss  weight  per 
lineal  foot  of  span  for  a  certain  live  load  and  a  certain  span  length  be 
known,  what  would  be  the  corresponding  weight  per  foot  for  the  same 
live  load  in  a  longer  or  a  shorter  span?     Or,  if  the  truss  weight  or  the 
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Fia.  55///.    Double-track-railway,  Riveted,  Cantilever  BridgM,  Type  B— Metal  i 
TniHsea  ami  Tolal  Motdl  in  Briilge. 
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i^ 


BRIDGE    ENGINEERING 


floor  weight  per  lineal  foot  of  span  for  a  carbon  8t«el  bridge  be  known, 
what  would  be  the  corresponding  weight  for  a  similar  bridge  manufac- 
tured from  an  alloy  steel  of  a  certain  elastic  limit? 


100       4x       gap       m      woo      im      mo      im      me 

tengfh  'L  "in  Feef  (See  f7g.  55  aaa) 

Fia.    55hhh.     Double-track-railwny,    Cantilever    Bridfcm,    Type   C — Metal    in   Floor 
Sysiom,  IjilcmH  itnil  on  Piers. 

For  many  years  tlic  author  has  studietl  tliK^jily  the  theory  of  such 
weight  variation  and  from  time  to  time  has  given  some  of  the  results 
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Total  Metal  in  Bridges. 
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Watn  opening  in  Feet 

Tf  CaatSkver  Efridges,   TyP^  ^ — Metal  in  Floor 
^'Lilamls,  and  on  Piers. 

K^l^  foot  B'  of  the  lateral  system  in  a  span 
known  weight  £  in  a  span  of  length  2, 
iiila  may  be  used,  provided  the  width  of 
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bave  iedueed  the  values  of  a;  but  it  saves  time  to 


findhig  Hie  ratio  of  reduction.    Letting  the  ra^  -^ 

sbic^track  bridges  will  be 

F'  =  F(0.6  +  0.4r); 

and  that  for  double-track  bridges  will  be 

*  •  * 

P  -  F(0.5  +  0.5r). 
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To  find  the  truss  weight  T'  per  lineal  foot  of  lEpMl 
the  corresponding  known  weight  T  for  a  span  of 
per  lineal  foot  remaining  unchanged,  the  following 
will  serve  for  spans  of  ordinary  length — say  up  to  fiw 
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while  for  longer  spans  there  may  be  used  the  formula,' 
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To  find  for  any  span  length  the  truss  weight  f  .^ 
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iflki  can  be  employed  instead  of  Equations  5 
0^  more  accurate  results.    If  the  weight 
^vea  specification  is  known,  it  can  be 
lonnube,  and  a  new  value  of  the  denomi- 
^0^  P  can  then  be  computed.    This  pro- 
h  itffl  apply  quite  closely  for  the  given 
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of  Table  55a,  siinilar  results  can  be 
1^  known  truss  or  girder  weight  under  a 
for  a  similar  truss  or  girder  of  the  same 
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fiib  li^o  W  lie  llie^  0^ 
If  imiilway  bridge  la  to  be  i|iw}gn<y<  for 
'mmm  m  Ihoae  of  Ouster  IJCXYSI,  but  to  i 
lBqp«^  th^  those  adopted  for  this  tieittiee,  ilie  fefioi^ 
^mi^^^     ae  it  10  eina^  and  veiy  aoeurateu 
|ig|ii{b|ileoti  unifonn  live  load  and  the  imgaot  loiMi^ 
llMfll^  equal  to  one  and  one-half  pw-m^,  for  the 
aliio  for  Qaas  60  of  this  treatise;  and  call  the  ratio 
mfiood  one  r.    The  said  loading  is  then  equivaleni  to  f^i^ 
for  as  the  floor  agnstem  is  ooneemed;  and  the  floor  fg^aiNasi  ^^^^^^ 
e^pdvalent  dass  is  then  read  (by  interpolation  if  nepeewfjr}  fo^ 
proper  curve.    The  equivalent  dass  of  loading  for  tiie^^ 
is  then  found  in  a  nmUar  manner,  and  the  weii^ts  of  the 
on  piersy  sittd  the  trusses  are  detennined  from  the  peeper 'cutyes. 
ei&er  the  arrangement  of  the  locomotive  aades  or  the  ia^^iki  €^^ 
much  unlike  that  of  tlus  treatise,  it  will  be  suffidenti^  Boeurate  to 
pute  merdy  the  equivalent  class  of  loading  for  the  fiill'qpaii4eQ||^ 
then  employ  the  proper  curve  for  the  total  weight  ol  metal  in  ^ak' 
If  a  Coop^  standard  loading  be  fMiopted,  and  the  impact 
treatise  be  employed,  the  curves  will  give  the  wei|^ts 
small  margin  on  the  safe  side.    If  a  Cooper  loading  be  uaeft 
othor  impact  formula,  the  equival^it  class  of  loading  wiU  bo^q^eil 
said  Cooper  loading  multiplied  by  the  ratio 

.    1  +  r 

1  +  / 

where  r  is  the  impact  adopted,  and  /  is  that  ffveax  \fj  til^ 
this  treatise.    The  same  method  will,  of  course,  i^qply  if  the 
loadings  of  this  treatise  be  used  with  some  other  impact  l<Nnq9al% 

From  the  author's  paper  on  **  The  Possibilities  in  Brid^ 
by  the  Use  of  High  Alloy  Steels"  are  made  the  following  cgteaets 
to  the  finding  of  m^tal  weights  in  alloy  sted  bridges  fnmi  thqsa^ 
carbon  steel  bridges  and  to  the  theory  of  weight  curve 
the.  limits  of  actually  designed  structures. 

''The  following  are  the  fonnulffi  of  reduction  used  in  paaamg  &<dlil 
of  metal  per  lineal  foot  of  span  in  carbonnsteel  bridges  to  the 
allpynsteel  bridges.    An  observation  of  the  nomenclature  wiU  flhow  thai  tlKf ; 
capital  letters  severally  represent  weights  of  metal  per  lineal  fool. of 
steel  bridges  (or  otherwise  known  wdghts  of  bridges  of  any  kind  cf 
accented  capital  letters,  the  corresponding  weights  for  alkynitael  lliiifNt'^ 
the  corresponding  unknown  weights  of  bridges  of  some  other  kind 
the  small  letters  severally  represent  lineal  dimensions  of  stmetims,  the^ 
being  that  capital  R  is  used  for  reactions  and  small  r  for  ratios. 

"  Floor  System,— 

Let  F  >"  weight  of  metal  per  lineal  foot  of  span  in  the  'Ffitit^ 
steel  bridges; 
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Inglfr  liMa  sajr  of  tho^ 
i||tiilfirn>iiiiig  wiHh  of  stmetoo  will  augnoflnt  tbe  w«i^t 
%.iiie iraii^t  of  melal  per  Uneal  foot  of  wpua  fot 

lunDS  ittd  tbe  aadbor  amw  unifannly  from  flodi 
f^piobeble  thftt  motivw  of  polk^  would  ked  the  piojeotoni 
IJifftmwo  tm  to  oeny  moire  than  two  tndke. 


^^r}^^^^ 
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yjfi^ijtUA  it  pe^rs  to  bogm  to  use  high  steel  for  the  bitaile 
oi4  ^  being  aflBumed  that  the  wei^t  of  kterels  ii 
piUie  kogth  III  or,  in  other  word^  that  minimiim 
^tfeeili  throoi^ioiit; 

of  qpaal; 

}  of  B  and  lb; 
per  lineal  foot  for  lateral  system  over  the  length  hi 
and  aUoy  stede  per  lineal  foot  of  qian  at  end  of 


[Eq.  12] 


'M' 


lEq.  131 


Pi,  (08+0.7^). 

|W  limeal  foot  for  eotire  spaa  I. 

it  riiflWB  that  near  the  ends  of  the  span  minimum 

jld  and  that  L'«  will  equal  In. 

■MdboaOy  figured  spans,  when  computing  the  weights 

lemembered  that,  as  just  explained  for  the  floor 

not  only  because  €i  the  greater  span  length 

jl^Kltb.    As  a  rule,  it  may  be  stated  that,  for  any 

PiWiatning  oonstant),  the  effect  of  increasing  the 
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width  between  central  planes  of  trussee  n  per  cent  is  to  increase  the  weight  of  met^J 

in  the  lateral  system  about  -  per  cent. 

'*  Tru^^es. — In  respect  to  the  weight,  T,  of  metal  per  lineal  foot  of  span  for  trusses 
of  carbon  steel,  the  following  equation  may  be  used: 

r  =  K  +  Ti  +  C,  +  C,  [Eq.  14] 

where  K  is  the  portion  of  the  total  truss  weight  per  lineal  foot  which  is  independent 
of  the  quality  of  the  metal  and  of  the  stresses;  T\  is  that  of  the  main  portions  of  the 
tension  members  and  of  their  details  that  are  directly  affected  by  the  stresses;  C^  is 
that  of  the  main  portions  of  the  compression  chords  and  inclined  end  posts  and  their 
details  that  are  directly  affected  by  the  stresses;  and  C»  is  that  of  the  main  portions 
of  the  compression  web  members. 

"From  experience  in  designing  large  bridges  it  may  be  stated  that,  as  an  average, 

K    =0.2r, 

Tx  =o.3r, 
Cc  =  o.sr, 

and  C^  =  0.2r. 

"Both  T\  and  Cc  (and  C9nsequently  their  sum)  will  vary  inversely  with  the  elas- 
tic limit  of  the  metal;  but  T^,,  on  account  of  the  influence  of  the  ratio  of  strut  length 
to  least  radius  of  gyration,  will  not  vary  in  that  ratio.  As  an  approximation  it  may 
be  assumed  that,  in  passing  from  any  grade  of  steel  to  a  higher  grade,  if,  as  before,  r 
(greater  than  unity)  is  the  ratio  of  the  clastic  limits  of  the  two  metab, 

C',  =  i-C,(l  +  1-),  [Eq.  IC] 

and  C't  =^  .  [Eq.  16) 

r 

"Substituting  these  values  in  Equation  14,  we  have 

r  =  X  +  \(Tx  +  C)  -f- Lc.  (  IH-  L).  [Eq.  171 

"Substituting  the  values  of  /iC,  7\,  C^  and  C«,  in  terms  of  T  as  previously  given, 
we  have 

r  =  r  (0.3  +-^) .  [Eq.  18) 

"In  findinj?  the  now  truss  weight  per  lineal  foot  for  a  higher  steel,  after  computing 
it  (as  just  indicated)  for  the  direct  effect  of  increased  elastic  limit,  it  must  be  correct^nl 
for  the  indirect  effect,  which  is  the  changed  total  load  per  Uneal  foot  for  trusses.  This 
correction  is  made  thus: 

"Find  the  sum  of  the  live  load,  impact  load,  and  dead  load  per  lineal  foot  of  span, 
for  the  known  truss  weight,  T,  and  then  determine  approximately  the  corresponding 
sum  (on  the  basis  of  an  assumed  final  value  of  7"/)  for  the  new  truss  weight.  Let  the 
ratio  of  these  sums  (less  than  unity)  be  n. 

Then  Tf  =  T  (0.3  +  0.7  n),  [Eq.  19] 

where  T'f  is  the  final  value  of  the  truss  weight.     Combining  Equations  18  and  19  gives 

Tf  =  r  (0.3  +  — )  (0.3  +  0.7  n).  [Eq.  20] 
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"If  ihe  computed  value  of  7/  does  not  agree  quite  closely  with  its  value  adopted 
in  determining  the  trial  dead  load,  a  new  dead  load  is  to  be  assumed,  and  the  calcu- 
lationa  are  to  be  made  afresh.  The  second  attempt,  in  all  probability,  will  give  a 
sufficiently  accurate  agreement. 

"On  Piers. — ^To  find  the  new  value,  P',  from  the  old  value  of  P,  the  span  length 
being  unchanged,  the  following  approximately  correct  equation  may  be  used: 

P'  =  P  (0.6  +  ^)  r,,  [Eq.211 

where  r  and  n,  respectively,  are  the  ratios  previously  indicated  for  elastic  limits  and 
total  loads  per  lineal  foot  of  span. 

"In  extending  a  curve  of  simple  truss  weights  of  metal  per  lineal  foot  of  span  be- 
yond the  Umits  of  accurate  computations,  the  following  formulae  may  either  be  used 
directly  or  as  a  check,  the  character  of  the  steel,  of  course,  being  unchanged.  Assume 
fcrst  that  the  Uve  and  the  dead  loads  per  lineal  foot  of  span  remain  constant,  and  con- 
sider the  effect  only  of  longer  spans  and  greater  truss  depths.  Dealing  first  with  the 
chords,  some  85  per  cent  of  their  weights  of  metal  per  lineal  foot  of  span  vary  directly 
as  the  moments  of  the  total  loads  and  inversely  as  the  truss  depths;  but  the  moments 
vary  as  the  squares  of  the  span  lengths,  and  the  stresses  are  inversely  as  the  truss 
depths.  Again,  the  truss  depths  within  short  Umits  may,  without  serious  error,  be 
taken  to  vary  directly  as  the  span  lengths.  Such  being  the  case,  85  per  cent  of  the 
wei^ts  per  foot  of  the  chords  will  vary  directly  as  the  span  lengths,  or 

C  =  0.15  C  -h  0.85  C  j=  C(  0.15  +  0.85-|^  j ,  [Eq.  22] 

where  C  is  the  chord  weight  per  foot  for  the  shorter  span,  I,  and  C  is  the  corresponding 
weight  for  the  longer  span,  /'. 

"Let  W  and  W  be,  respectively,  the  weights  of  metal  per  lineal  foot  of  span  in 
the  webs  of  the  two  spans.  About  75  per  cent  of  these  will  vary  directly  as  the  aver- 
ages of  all  the  live-load  and  dead-load  shears  on  the  spans,  and  these  average  shears 
vary  almost  directly  as  the  span  lengths.  Again,  the  said  75  per  cent  of  W  and  W 
will  vary  directly  as  the  truss  depths,  and,  therefore,  as  previously  assumed,  once 
more  directly  as  the  span  lengths. 

"Combining  these  ratios  will  give  the  equation: 

W  =  0.25  TF  4-  0.75  w(j\^^W  |o.25  -h  0.75 Oj\ M .         [Eq.  23] 
But  T  =  C  4-  TT, 

and    r  =  C  +  TF'  =  C  (o.l5  +  0-85  j)    -h  W  |o.25  +  0-75  (-4T|  •         [Eq.  24] 

"It  is  well  known  that  in  trusses  with  parallel  chords  and  of  economic  depths  the 
wdgjit  of  the  chords  is  equal  to  the  weight  of  the  web;  but,  in  trusses  with  polygonal 
chords  and  having  centre  depths  less  than  the  theoretically  economic  ones,  as  do  those 
of  all  long-span  bridges,  the  weight  of  the  chords  is  much  greater  than  that  of  the  web. 
As  a  general  average,  we  may  assume  that  C  =  0.6  T,  and  W  =  0.4  T. 

Hence  T'  =  0.6  T  (o.l5  -j-  0.85  I'J  -\-OAtI  0.25  -h 

=  r  I  0.19  -1-0.51  j+  0.3  (jY]  •  [Eq.  25] 

""This  value  of  T'  is  based  on  the  incorrect  assumption  that  the  total  loads  per 
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"IfuB  kat  foninila,  whm  teatod  on  the  traaa  wai|^  of  aiM|ia  ifiiMaa 
tn  1,000  ft.  in  length  for  an  elaatiG  limit  of  00,000  Iw.,  gaiw  aaJMadiilri^^^^^ 
hanee  it  ia  propqr  to  adopt  it  ae  the  equation  for  eitaaaion  of  afl 
pfe  qMna,  and,  merentiidly,  for  thoae  of  cantikvw.bridgea;  la  iael^  it 
on  aonie  of  the  actually  computed  tniaB  weig)ita  of  cantfl0V«r  MiiiQa  mfL 
give  eieellent  agreement. 

"Attention  ia  called  to  the  aemi-rational,  semi-empirical  chaiaeter  of 
tion  and  extenaion  ibrmuln.    They  are,  in  general,  the  leault  of  Ipp 
enee  in  the  quick  ccMnputation  of  metal  weii^ta  for  Irndgea;  tmtthlQr^iHp 
fied  dic^tly,  aa  hereinbefore  indicated,  to  agree  with  certain  ^ha8Jb|.,i|l^! 
made  in  this  inveetigation.    As  far  aa  practicable,  the  formuk^  of 
were  used  for  checking  each  other;  and  the  reaults  of  audi  ohadka 
factory.    For  instance,  if  a  curve  of  truss  weii^ts  for  one  eiaas  of  ..||ai| 
a  basis  for  finding,  by  Equation  20,  the  ccNrresponding  ciirve  for 
the  latter  curve  would  be  checked  by  starting  from  any  desiied  potet 
the  weii^ts  of  actually  computed  luridges  cease)  and  passing,  by 
from  one  span  length  to  another,  100  or  200  ft.  greater,  and  oontinnitft^ 
to  the  superior  end  of  the  curve." 

The  reader  who  is  interested  not  only  in  the  weigjhlB  of 
bridges  but  also  in  the  economics  of  structures  biiilt  of  vmbQIi 
steel,  is  advised  to  read  the  paper  on  ''The  Posaibilitiea  ill 
stniction  by  the  Use  of  High  Alloy  Steels,''  from  wlaeh 
preceding  pages  have  been  copied.    It  was  published  inll^f 
of  the  American  Society  of  Civil  Engineers,  Vol.  LXXVIB4 
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In  order  to  demonstrate  how  to  use  the  various  diafMBi- 
of  metal  given  in  this  chapter,  certain  characteristic 


solutions  will  now  be  presented.    The  numerical  valilif|i 
carried  out  only  to  that  degree  of  accuracy  which  good  '^ 
rants,  and  as  indicated  in  Table  58a. 

A.    What  weight  of  metal  per  lineal  foot  would  bei 
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il^i  90V8&  panda  of  26  feet  eaiA,  then  Fig.  56a 

iij^stemJUM) 
%mig^  a  trap  wdi^t  of  1|680  pounda. 

ia9|090pomda 
v||tfM  for  the  total  wrii^t  of  metal  per  liaeal 

k  impraeticable  to  obtain  ex- 

eiToia  involved  in  reading  the  quan-^ 

IVKteraeeting  linea  on  the  aeveral  diagrama, 

illlljto  tSffeienoe  in  the  weji^t  of  the  floor  aiystain 

m^glAM  metal  in  a  aingle-traoki  deck,  riveted 

Isoii  ni  nine  equal  panels,  and  having  a  width 

of  teuflseai  the  live  load  bdng  Qaaa  40; 
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of  this  are  contained  in  the  tnuees. 
tibe  floor  lyBtem  is  fomid  thus:  At  the 
%igfi^miktl  line  for  a  SO^oot  panel  is  followed 
the  vertical  through  the  intersection  is 
and  the  horisontal  through  this  inter- 
.,  sjQKtteates  that  the  weight  is  5S0  poimds. 
^il||.the  metal  on  piers  as  80  poimds,  and 
pounds;  and  it  also  shows  that  the  best 
proper  perpendicular  distance  between 
^y  as  was  assumed. 

is  3,020  poimds,  checking  that  first 
is  close  enough. 

weights  for  a  double-track-railway, 
bridge  of  720  feet  span  designed  for 
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t  the  tower  17^  feet.    Fig.  Sfo  gi^rii  ^  ^eigH 


«. . 


i^theblmib  wemust  uae  f!g.  5SiI  aad  a  apu  tegfifat  «l  0 J  X  440 
9iKlkMi^  niikA  gives  tiie  weight  as  810  pounds.  '^ 

For  the  truss  w»|^t  we  must  use  f!g.  56o  aad  a  i^Ka  lioglli  <rf  0.6 
4iid  ^  904  feet    This  indicates  a  weii^t  of  2^180  pouiiit^ 
^  Hiliie^  simi  of  these  three  weights  is  3,080  pound%  and  to  liili  must 
edited  about  30  per  cent  for  the  drum,  maciiittMyy  sad  WBtri  mi  v^en,] 
making  4|010  pounds  for  the  total  weight  of  metaL  - 

As  a  rough  checlc  on  this,  Fig.  SSee  gives  78.6  per  eettt  as  tiie  figure! 
to  apply  to  the  total  weight  of  metal  for  a  4404oot  find  flfMKi»  wiiieh 
weight  Fig.  55g  shows  to  be  5,270  pounds.    78.5  X  6|270  «» 1^140  pounds, 
indicating  a  difference  of  130  pounds  or  about  three  per  osbI^«.  Has  cheek,' 
at  first  thought,  may  not  be  deemed  sufficiently  aooiMlii  litit-H^U 
be  remembered  that,  as  a  matter  of  precaution,  in  ordeTtb  pidNidtl^  Hn^ 
individuid  idiosyncrasies  of  bridge  designers  and  to  be  Oft  Ittfi^ 
the  percentages  in  Fig.  55ee  have  been  kept  somewhat  h|^    iii^^ 
must  not  be  forgotten  that  the  methods  herein  suggested  ilr  iillbl|g1lSii| 
weights  of  swing  spans  are  not  claimed  to  be  as  accurate  as  llMrglHfesti 
for  finding  the  weights  of  fixed  ispans. 

F.    What  are  the  economic  fimctions  and  wa(^ts  of'  inelAl  fair 
single-track  railway  trestle  200  feet  h^h  with  a  batt^  of  ija  Ineh 
a  half  to  the  foot,  to  carry  a  Class  55  live  load?    It  is 
are  no  restrictions  as  to  the  lengths  of  bays  and  that  alteiliatif MEfiadii 
tower  spans. 

From  Fig.  55oo  it  is  seen  that  the  best  length  for  the 
spans  is  82  feet,  and  that  the  length  for  the  tower  span 
Actually  the  lengths  chosen  would  probably  be  80  and  40^  iH%'>'^ 
variation  in  weight  caused  by  such  a  departure  bem 
would  be  very  small.    For  the  economic  layout  we 
weights,  taken  from  Figs.  55nn  to  55gg,  inclusive.  :  ^'f  ^>^^ 
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it  iMd  been  neoesBary  to  make  the  tower 
bAiniiediate  spans  60  feet  long,  what  would 
#dF  metal? 
lif^  have  the  fdlowing: 

8de¥!g.  SSfin 

48i»0Ibs. 
^m,2001b8, 

^^  07|4OO  lbs.    Average  weight «-  674  lbs. 
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LongiiudindL  Bracing 

See  Fig.  55pp 
410  X  200 -^  100 820  lbs- 

Transverse  Bracing 

See  Fig.  55pp 
410X200 -MOO 820  lbs. 

Columns 

See  Fig.  hbqq 
668  X  200  -^  iOO 1,320  lbs. 

Total 3,686  lbs. 

This  indicates  an  excess  of  metal  equal  to  150  pounds  per  lineal  foot, 
or  over  four  per  cent,  due  to  the  uneconomic  layout. 

H.  A  single-track-railway  trestle  60'  high  is  laid  out  with  towers 
30'  long  and  two  intermediate  solitary  bents  between  adjacent  towers, 
the  batter  of  columns  being  one  and  a  half  inches  to  the  foot.  It  is  to 
carry  a  Class  70  loading.  What  are  the  economics  and  the  weights  of 
metal? 

From  Fig.  hbzz  the  best  length  of  the  intermediate  span  is  seen  to  be 
about  40  feet. 

The  weights  are  determined  as  follows: 

Girders 

See  Fig.  55tt 
Average  weight  per  foot 675  lbs. 

Girder  Bracing 

See  Fig.  mt 
Average  weight  per  foot 40  lbs. 

Towers  and  Bents 

See  Fig.  bbyy 

Average  weight  per  foot  for  40-foot  inter- 
med  ate  spans. 925  lbs. 

Total 1,540  lbs. 

Fig.  5522  makes  this  total  1,540  lbs.,  which  checks  exactly. 
I.    If  in  Case  F  the  trestle  had  carried  a  double  track,  what  would 
have  been  the  various  weights  of  metal? 

Applying  the  rules  given,  we  find  the  following: 
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We  ahall  adopt  40  feet  for  the  tower  span 
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Columns  of  Towers 
See  Fig.  55rr 

Class  40  railway  loading  gives  610  lbs.  per  vert.  ft.  (ll^iH 
Class  30,  Cb  =  610(0.2  +  0.8  X  0.35)  =  293  lbs.  par  vip 
150 


X 


293  X 


130 


Total  metal  in  structure  on  tangent l. 

Add  for  effect  of  4  degree  curve  1,647  X  .08..      ISt 


Total  metal  in  structure 1| 


^ii^^^vj^liP; 


.■;;--.Y.-. 


Sv^*^' 


-tJ«*.-*Si 


kiS?^^ 


"i; 


■fgiA,  J  "•*T>^-rs". 


I*.' 


^  r  •.  ■>*  5 


-..*r 


m 


iU^i? Jv^,;  r^  *  ^aop  iK^Xp^wi: 


liii:? 


w 


J.>  i^l'^'.-^^^'r^- 


fe|. 


^s»-"-;-*^l 


*^. 


'^tiiUmm 


ofc:: 


:'fM 


1^-#^' 


v;    ■■'14 


600 fix. 

1,080  Hm. 

300  fix. 

00  R». 

MRmu 

TOOIba. 

600  ItM. 

300  lbs. 

6,000  lbs. 

10,316  lbs. 


be  as 


1:     *■/ 


'.-ir  >.  *    •'«  •  k  •'«'  a  •  • 

7  ^  '  ^  ■ 


i(iL5^r -.%  ■.    .'■■    • 


•  •  •  #  • 


rii^' 


4-«^^t 


i4' 


-  tW  «v  ■ 


■•^i^V 


.:'^ 


i^ji^*^*  '•  •'•  •••••••    XvfOilu  IIjb* 

(be. 

l^^lbad  fiMT  a  total  load  of  20,000  Ibe.  and  a 

ll^i»A  4^900  lb0.,  which  shows  that  the  truss 

Assuming  a  new  truss  weight  of  4,600 
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CHAPTER  LVI 

QUANTITIES  FOR  PIERS,    PEDESTALS,   ABUTMENTS,    RETAINING  WAU^,    AND 

REINFORCED   CONCRETE   BRIDGES 

Many  of  the  tables  and  diagrams  given  in  this  chapter  have  been 
prepared  from  time  to  time  during  the  last  three  decades  of  the  author's 
practice  in  order  to  facilitate  the  calculation  of  quantities  of  materials 
in  substructure  and  masonry  work.  They  have  been  found  so  convenient 
that  it  has  been  deemed  worth  while  to  reproduce  them  here  for  the  bene- 
fit of  bridge  engineers  in  general,  and  to  add  to  them  materially  so  as  to 
cover,  to  as  great  an  extent  as  practicable,  all  lines  of  bridgework,  including 
reinforced  concrete  construction. 

Piers 

In  Fig.  56a  are  given  the  volumes  of  copings  and  of  shafts  of  piers  with 
vertical  sides.  The  curves  thereof  are  of  little  value  for  the  shafts  of 
ordinary  piers,  as  these  are  generally  battered.  For  soUd  circular  pivot- 
piers,  as  well  as  for  any  coping,  the  curves  can  be  used  advantageously. 
To  apply  the  diagram  for  the  vertical  shaft  of  any  pier  or  any  coping, 
it  is  necessary  to  enter  at  the  lower  margin  with  the  width  of  the  shaft 
or  coping  in  feet,  trace  vertically  to  the  curve  for  the  length  of  the  tangent 
portion,  and  pass  horizontally  to  the  right  or  left  margin,  where  will  be 
indicated  the  volume  for  one  foot  of  height.  This  quantity  multiplied 
by  the  height  will  give  the  total  volume  in  the  pier-shaft  or  coping.  It  will 
be  noted  that  the  lower  curve,  for  which  the  length  of  the  tangent  portion 
of  the  shaft  is  zero,  appUes  directly  to  circular  piers. 

Figs.  566,  56c,  56e,  56/,  56/i,  and  56i  give  the  volumes  in  cubic  yards 
of  the  truncated  cones  formed  by  bringing  together  the  rounded  ends  of 
battered  piers.  They  are  for  batters  of  one-half,  three-quarters,  and  one 
inch  to  the  foot,  which  are  those  generally  used  in  pier  designing.  Figs. 
56d,  56g,  and  5Qj  give  the  volumes  in  cubic  yards  for  one-foot-wide  strips 
of  pier  between  the  rounded  ends  for  batters  of  one-half,  three-quarters, 
and  one  inch  to  the  foot. 

To  find  the  total  volume  of  any  pier,  add  together  that  of  the  coping, 
that  of  the  two  rounded  ends  which  form  a  truncated  cone,  and  the  prod- 
uct of  the  volume  of  a  one-foot  strip  by  the  length  of  the  portion  of  the 
pier  between  the  vertical  axes  of  the  rounded  ends. 
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Pedestals 

la  lilgs.  56A;,  56Z,  and  5tim  are  given  the  volumes  of  the  shafts  of  con- 
crete pedestals,  up  to  heights  of  twenty  feet,  for  tops  from  2.5  to  5.5  feet 
square.     Each  of  these  diagrams  covers  all  standard  batters  from  one  inch 


fV/t^M  tftSfyaff'S  0r  Cc^'nga  in  fbe/. 
Fio.  58a.    Volumes  of  Copings  and  of  Shafts  of  Piers  with  Verticnl  Sides. 

to  fdx  inches  per  foot,  varying  by  half  inchea.  As  it  is  not  customary  today 
to  put  coping  on  concrete  pedestals,  the  total  volume  for  the  shaft  of  any 
pedestal  can  be  taken  directly  from  one  of  these  diagrams.  Should  any 
intermediate  batt«r  be  employed,  which  is  unlikely,  the  approximately 
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Fig.  562.    VolumeB  of  Pedestaka 

correct  volume  can  be  obtained  by  direct  interpolatiOBk: 
an  offset  base,  the  figuring  of  the  additional  volume  th< 
more  than  a  minute  or  two. 

Abutments 

The  following  method  will  give,  with  very  little 
ume  of  c(mcrete  or  masonry  in  any  wmg-abutment  for  a 
way  bridgCa    In  Fig.  56n  is  presented  a  drawing  of  tbfi 
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Fig.  50ti.    T^srpieal  Wing 
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Htog-walls  teiminate  before  the  top  dope  in 
I'^to.be  made  in  accordance  with  the  note  at  tEid 
laae  the  two  wing-waUs  are  not  symmetrical 
aagenty  each  wittl  can  be  treated  separately  by 
rom  the  curves  by  two.  After  ascertaining  the 
xqiingy  parapet,  and  wing-waHs,  ttte  volume  of 
hereto  for  the  complete  volume  of  the  abu 
MMse  is  taken  from  the  two  sets  of  curves  shown  H 
herein. 

To  obtain  by  means  of  these  tables  the  vohim^ 
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i.  5fo.    Volumes  of  Portions  of  Wing  Abutments  above  the  Base  for  Single-trncfc 
RAilwtLy  Bridges. 


BRIDGE   ENGINEERING 


that  is  longer  than  that  for  a  single-track  railway  bridge,  it  will  be  nece»- 
Sfuy  to  add  the  volume  for  the  extra  length  of  main  wall.  In  double- 
track  brieves  the  said  extra  length  is  generally  thirteen  or  fourteen  feet; 
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Fia,  66p.    Volumee  of  Bases  of  Wing  Abutmenta  for  Single-track  Railway  Bridges. 

and  for  a  highway  bridge  it  is  equal  to  the  clear  roadway  between  trusses, 
minus  fifteen  feet.  Fig.  HQq  gives  the  volume  in  cubic  yards,  including 
parapet,  coping,  and  shaft,  for  each  linenl  fiKit  of  wail,  also  the  volume 
pf  base  in  cubic  yards  jht  liui'al  font  of  wall  for  each  foot  of  its  thickness 
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of  concrete  and  metal  per  Kneal  foot  of 
Hie  curves  correi^iond  to  a  toe- 
abom  ^lem,  and  if  a  smaller  toe-prefr* 

iphren  by  the  curves  have  to  be  « 
tM  ng^t  line  oi  the  small  figure  in  ti^e 


0         /a        a?        30       4S        Jff        s? 

Flo.  56r,     Quantilies  of  Concrete  and  Mftal  ppr  Lineal  Foot  of  Reinforwd-Concrete 
RtlailiUlg  W'uils. 
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fi^Hfefpin^  bridges  bdit  o(t  nMoroed  (Miei^ 
aii^^^ifai'^i^^NE  <rteel  xequirod  tfaanCor.    tliQiB 

estmiates  only,  as  it  is  {mcticpllF 
fjlmu^  will  funiiah  absolutdy  eiiMSt  *v^^ 

1^  J^        reocnrds,  for  various  live  loads  mnd^'^' 
ImSbkh^  feet  to  sixty  (00)  feet,  tike 

ileal^iir  Hneai  foot  of  bridge  for  tk^  floor  flgrstem, 
its  .8iq[4;x)rtiiig  cross-girders.    A  qnmiietrieal 
with  the  floor  slab  supp(»rted  oa  cross-gifders 
two  main  girders.    For  narrow  structurss  the  i^rdsMi- 
outside  oi  the  roadway;  but  for  wide 
tilevered  out  b^ond  the  main  girders,  the  latter 
to  oentre  ai^nndmately  five-eighths  (^  of  the  total 
tore.    The  effect  of  varying  this  spadng  within 
found  to  be  inappreciable.    The  cross-girders  were  .^p,,,^ 
apart  in  all  cases.    The  quantities  m  the  floor  qnrtQi|| 
in  certain  cases  for  spacings  of  cross-girders  ranging 
(14)  feet;  however,  these  differences  were  foimd  tO 
but  very  slightly.    For  structures  over  thirty  (SO) 
walks,  one  on  each  side,  were  adopted;  but  for 
way  was  assumed  to  occupy  the  entire  width.    Eadi 
onenaixth  (^  of  the  total  width.    In  all  cases  ClasB 
was  employed  in  figuring  the  sidewalk  slab.    No 
used^  on  the  roadway  in  conjunction  with  conoeni 
for  widths  under  thirty  (30)  feet,  only  one  truck  was 
greater  widths  two  trucks  were  adopted.    For  eleotri* 
however,  Class  A  uniform  live  load  was  assumed  on 
way  outside  of  the  twenty  (20)  feet  occupied  by  the 
track  structures  were  assumed  in  all  cases,  because  a 
crosnng  a  highway  bridge  is  quite  rare.    However, 


'  r, 


■H^'M 


ji  i.  ri  -  tv  :S:  5»  ^'  *  *■  r*  »■  K"  "1  *  S  3  r-^  ,    ^  g|  ft  -4  ■._  i.i(  ; 

'  t      r'  .-'  ." T^: !«  « in ^. '.' « IB  » nt a « - -1  r  » 1^ «  *  j« r, ■  '^  ■  ■  ■  iin  » #  r  • ''.  « ». *  *  # 
*-.■■.  r        ,  .^    ..*  ■      /n  r.     ,  /  ■  i«  «  ©  a  «  « 3t »  R  a .«  ar.  r  .  «* 

^: -^  -  r  ^  u  A.  % '^  Jt  &  $> '  ."K ' « a  p>  K  a  sf  a  u  a  B  K  a  a  a  a  a  a  '  -  ■  M  a  a<  ^  tt  c«  er  Ji»  «- 
-'*«v  •-' '<     ' .  4aa■a■Ba■■«aa•^'«aBBa««K'>»n" 
-■  *  *  •■        .  %«BBBBaaaBaaar\  llHa•l»«a8'.*«a^^.• 
;-s-4  i/  :i,  ./it-aa^ff  ar raraifaaaaw^BaBBas   ■^aaar^aarrtaa  -■'- 

^j  -^       ' ,  li         ■  •  4 «  a  I*  f  i  ■,  ■  ji  -«  »  H  V  *  «  s  ■  -Ji  a  '.♦ 

'    '-.c  i'ii';rj«au  •!>.£■«  waawariiraaaaaanr  .aaaa  jaB»«jiK^»« 

^  y  ifij  »ifi**ta9Hnti'i,i3SMS.iivMaaaaAaavft*  •Mce«~  savfivc'.^^^fl' 

IV-  '.  f,  -;  «;i  ^r^^ »'  u  w «« r  D  ■  «  M '"  «  i«  a  II  (« a  a  a  41 H  M  a  a  M  w  -« a  01  f  » Ik  w  ^  iiv  »  '^ 

:ff.'-    ,4^'-        .tri' aaa«BBiri<'iaava'/ana'>a«r  aaa  ^ 

.':■-..  d  V- «iii*»ii'=»A!r  r  «ra»aaa«»!(»    ^taa*' «y  a«»»r  «aw  joar  ?; 

.''  s  f :'    ■    4  u  ■  fl '.  »  d  a  a     .?  J  a  « £c  ii  a  d  ?  e  a  K  J  E 

'  jt«',i>iik*«7Wf'X^a^aa«aaBf^  «  4aaa.^'.''aaa'.>«a»  laBi^B* 

r^/  -' »■.  ■  --a-Aaaaa  ":'  taaBa""  «c»r  «««/ aoij  aa» 

.  -: ''  \'  ^r'  9'  <tH«i"kraHKiaaB8aBaBt  «««>-»' Aana"iaaaiea»r  «aa 

-' i^w-      '  <r  <B«i  •saaaaaaft.  ^ari-  ,1  jRvar.Buaf.aaa  a'bn  V 

".-.  '■.    '  -'  -  '^  j^  «  :*  *.i  ft  1  i:  ts  i;i «  O: «  ■  a  M  «  a  a  4     ^  r«  •  ,'  s^ «  m  a  i  a  a  « c  a  «  a  ' 

.  ^aaaaaaaaaao ''>aa«. '. /aajk  4naB4aita« 

(;^.:_.,,t  *f^irf^!<7>yrwaaaa«aaaHKaa^aBai-''.<aBiff'  mmmf'mmm'<m 

i' ■  t',       arfaaaaaaaBB^.aaaarflaaa  MaB#«Ba7«« 

1^'  "  f  .t --««*»  fl>«i'a  BaaBaaKaBranB"-  ^'aana'^asfi'iaaa'jBa 

j     .  ^'  '  .   , -'-««BaBB8flr-.ac.T<'  .-^«KBr..aRaraaay  aaa 

.;<  V ».'  ''<•  ^:  'd  « fiiit "-  ^  0  »i'  a  »  a  a  a  ''^  a  i# « <>• .-  *  m  »•■.''*  mm  mtmmmm  jt  mm  ^ 

''     «"'  ..AMawaH'^yBab' ■    '*avv  .:  .laas'^i  vaa^Baai 

'f''*-  »ft'^^4sai"^dia«if<aas''^aaaaa.*aa&.  ^aaai'.aaaiR'aaiMaa 

^''     ^  r    a:i«aaBa"^aaaaa'^«fta«''.9aarsaBa  .^aBaBtt. 

^^'-17  f-!t>my^^mmm**mmmm:4mmmmm'jnmm  /"'. aaaa^aaa^BaBsaa 

.ijr-u  )«auaBttM4a«r4iaaaHM'<i>Ba-^'»  ^AaB^inaar-aaaawBA 

-- 1"  r  ..'v;.»:»<2s:ita2iit",:a«aaai'^««iv  rawt  a-'.aaardtB'BBBaaJi 

«'-.-«s£a$«»anBr«asKaaa"'«Ba8Br'aflKi/BBa»<«aBaBa»a!i 

.-:--'  «aijf(tia«a«ffa«Haa:4aaBaa*'.(aaH  '^anaajiaBBaiaaBBa 

u-^  ¥a<Mt<k<fca»(jaaa»'4iaaBBB':awai.-  ABaa'^aaMBaBBBBa 

^:>'iii;iaKhste8i9Bi':^aaBBaB'Vaa'-^''*''«rtB'4BaBBaaBBaBa 

•■  w'i6%i),<^*mmnuti*mmmm*'' dm*.m^  -rmmtn-.  aaaaBBBaai'aa 

-  ^'cva^aaaaMBaKBBBr^aBBsa'.Baira^BBBBBBBBBaaaB 
'««;'«  «ftcua«i«BafiaaB)^^aa«aa''^Biiv;^BBBBBflBBaBHaaa 

:'f  >n*.  4?.«»«BaBnBBe'-.aflBBBP^e^  '  -^aaaBBRaBBBBBBBB 

'..i««».'«i6.-4iCf(auaf«Baaa»''4a»«>'.«aaHaaBaBaBBBaaaff| 

-''V3«o«a»aflMaa»a»':.aMaa-'aBaaBBaaa8BaaaaBBBBa 
'^i^»  »«aeKaa8i<Bap'^aaBar.4BBaaaBBaa8BBaBBBBBBBa 
.  .'  xt  -:«;si^;B.vBau»;«BaHi':.aaBCBaBaBBaBaaBa8BBBBBaa 
'*.i  -a  <«L«A.'32«>c,Niaaar.«aBar'aaBBaaBBaaBBaaaaaBaBBa 
,-''<,  ii  4^>-"^iiaB)^-^«aaaBaa  iiBBaaaBBaBBBBaaBaaBaBDi 
.-:  ^ri2r'P''"T'^aF]Bf  I"  iT:!.a«aBaBaiaaaBBBaBaaaBaaBa 
-  T.  w  .■^.i««x«"-%«irr    ;^aaaaaBaBaBaaaaBaBaaaaaaBR' 
>-  f  -  -:...»ka»^iu«*i<d^NaaaaBBaaaaaaaHBBaaaaaaBBa 
H  n  ^<r  »«>'«i«a»«iaaBaaaB«BaBaMBaaBBBBaBaaarBaaanif 
.9.  ««uiiKi&  ttaaBaaBBaBaBaaaBBaBaaaaaaaaaaaaaBBK, 
i,    ,::.:s>3 'saanoBBBasaaaBBBaBBaaBaaBaaBaaaaaaR 
H-.  '/  .'«i)M>^9taa»aBaaaNaBai«BBaaaBaaaaBBaaaaaaaaB' 
T-r-Mi  i»ai»a«aai4BaBBaaa«aaaBaaaBBHaaaBB9aBBaBaB 
--^\'"'»«{\a3[^aiiaaaaaBBaaaBBaaaBBaaaBaaaaaaaBatt 
■r  » 'i:^:3it:iiri'CaauB9saBaaBaaBBaBaBaaaaaBaaavaaaBa{ 
.^^•■%  iM«i^iiiia«MaaaBaa8BaaaaaaaBaaaaaaaaB«aaaau 
.«t-;acv.«»«KaHaa«aaaBKaaBBaaaaBaaaBBaBaaaBaBn; 
.  *  i«  <«4ij.iaa«aMaiBBaBBaaaaBaaaaaaaaBBaBaaaaaBH 

.'-^iiiaiQXAiK^iEaBHaBaaaaBaaaaaBBBaBaaaanaBaaa 

-  -y  r;:3M'S)a«fc«naaBHaaaBBaaaBBaBaMBBBaBBBaBVBBa 
-f?  lA'taiiasKiftBaaaaBaaBaaaaaBaaaaBBaBaBBaaaBB 

'  .: 'i9«)«»«nanaHaaaBflBaaBaBBaaaaaaBaBBBaBaaar 

■j  -i  -:-*«NBiBBaaRaaaaaaaaBBaBaBaBBBBaaaaBaBar,« 

'  -  •»  I-  -itMiriM'VBHna ■aBaaaBaaNaaaBBBBaaari.tiaaaa^aa 

-jiKieiinaBaHBRawBaRBaaaBaaaBaaaaatiis.ABaBr.aBr 

'^('•i^K'.BaaaaaBaaaBaBaaaBaBaaBBP  ti- kaaaa^aar'a 

.  .-^ ..  :.;£ih4.,93i£aEBaBBBBaBBBBBBBaa%ai  :aBaBB'^aa':«Br 

>  'lasNtDtaRBnaBaaaaBBBaaaaBBB  in^aaaav'^aa'^ara 

...  A  -  '..«feta.t*aaBMaa8aaBaaBaBaBaaa  «'JBBBBBAaa:i^»^a':< 

r<isat»a»BaBaaaBBaaaaBr-aaaBPBaraara  '.''>»^a 

.,  ":^«»i«i«aaBaBBBaaBBBaaa:<ttiaaai«Bf:Bar.^a  :iraa^ 

.  .v^«  jt«iik«*Haaaaaaaaaaa  iiiaaaai  M'jtmm':^^' AK,mm'Mm 

:-' ^- ...  ««<.MMiRaRHaaaaaaaBaa<  fir.mmmmmw/'mm:.i'i-^'^mw4ium 

:'i  t;  ':4wii*aBa«aaaaaaaBTir.:iBaar-.  ka  frAi'*:^.^mr:mmmm 

-  -n;  •1*<lailT1Ba»aB8aaa■1'~.;lL4BB■::f,'.^aa■■' 
'  1  ;iv  .«a  A'«4c»>K  j«aaria  i  jaaaar  ^A^B!:-  '<a>^Br'^BBBaBB 

.  i^ei  ^-9^<ia«BBBaBaa<iv.MaBaBBr.a^"'aa' 

V  ^  ~u3N8  8BaaaBBafeaaaBBF4a''->PiBr-  -tBa^uaaBBaaBaa 

■-->,.  a  "N  iv^^ft«aaaHB««aBa%aav  #r'''_-a-r^ 

vi&.-»4i>L4iaaaaaiiaaaBaB^aBP^ai  '- 

"~  ->  -k  tf  saajrvBaaaaaaar ^aar^aa*  ^rwirtiaBaaaaBBBBBaB 

>■!&  «ai«iiBa«aBaBar4iBa':aBa'.«  ^  ^'^i 

:u'  it.'iivBiiMHa^itfaa'^^aaraa' ^aBBBaBaBBBBBBBBBB 

-' m;^.  ««a*B  aB*t^aa''rfBB':.aaaaaBBaaaaaBaBaaaB 

>'„i'»ii3i«aaBaB::.aBa':aBPsaaaBaaaaBBaaaBBBaBBaa 

^.7'«Na9a8aBap<:^iiBPi.aaBBBaBaaaBaaaBBBaBaaBa 

-  .".."ai^fs  48K8*'..««a^:«aBaaaBaaaaoBaaBBaBBBBBBBB 

.V  ii»<*^afra»-'w«BP'::tfaaaB«;BBBaaBBBaBBBBBBBBBaBBD 

'     ->r-4'«-  ««4*''4aa«Baaa»,aBaanaaaBaaaaaBBaaaBaB 

^ ... -r '«;»'''' ijfliaa art ^m.^'jaaBaBBaBaBaaBaBBBaaaaaaa 

.nr"^aBa'*:«aB«v  jiaBBaaaBBBBBBBBaaaBaBBBBaaB 

*  •'  urt«)a'*'^«a4.«a.rfaBaaaBBaaBBaBaBBBBaBBBaaaBaB 


.*! 


V,; 


v.-iaKciffcannBaaaaBBflaaBBBBBBBBBaaaaBaaai 
^'.i-er  H^nBaaaBaaaBBaBaaBBBBBBBBBBBBaai 

H>«i4n«««BaaaBaBaaaaaBaBaaaaaBBBaaBBBBBi 


it'-tHviiftaaaaMBaaBBBBBa 


\»  49  SO 


60 


CoQiorate  fttd  Sleel  in  Floor  Qyrrtem 


i 


'.•-•■' '  '■■  -■  •■  -    -ri-:  .     .  -■•■A  ,     ,    . 

-^  _.  "'•'■■,       ■•'  ^**"''  -  ■'  '     "  ■•--'■'.  ■'-  ■ 


y--m^  .4^iii^^^^^%^!^^ 


;fft<f 


/,r  ^ 


<  J  M  ' 


1  ■    \  i 


*.S»,-\v.-, 


"?  "rT 


liiMiSHaBBBBBB  ■■■■■■■■■«  ito:«iIS»IS«SfK;''au 


1 

*" 

*" 

"• 

^ 

■*" 

— 

■^ 

^ 

n 

* 

■** 

r 

^ 

J 

■ 

L 

J 

. 

^i-r^ 

mi" 

iSli-^*.  i: 

t 

ii 

F* 

T] 

m 

\:. 

■¥'->?  . 

1 

""^ 

**' 

T 

e£ 

m 

;*si^'i 

, 

^ 

, 

-H 

, 

CE 

»«!:-■ 
^;$^>^'^ 

tt 

•   .' 

r^ii 

"^ 

t  .:^l  3 

* 

" 

^ 

"* 

^ 

^ 

"" 

"" 

■ 

* 

* 

'«0iK»)n  it 

;_: 

.»e 

^"-^ 

' 

\  »• 

i-t 

^ 

^ai 

• 

' 

J 

S 

. 

K^ 

^ 

^ 

■^ 
^ 

ii^ 

i 

\c 

it-  * 

** 

3i 

P^^ 

^^ 

^^ 

^^ 

^^ 

^^ 

^^ 

^^ 

?Si 

A9  09  .^1 

FiQ.  50U.    ReinfcMraed-Ckiiiorete  Bridges,  Pereentage  of 

This  curve  gives  the  percentage  of  the  floor  i^ysteni^ 
will  be  found. that  for  an  economical  arrangemeni, 
the  layout  with  longitudinal  girders  only  will  be  al 
design  with  cross-girders. 

In  Fig.  56v  are  recorded  for  various  total 
lineal  foot  of  girder,  and  for  span  lengths  varying 
cnxty  (60)  feet,  the  quantities  of  materials  in  the  maaiai 
concrete  bridges.  These  quantities  were  computed 
freely  supported,  two-girder  spans  continuous  ovet^ 
three  or  more  girder  spans  continuous  over  foujf 
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QUANTITIES   FOR   PIERS,   ABUTMENTS,   ETC.  1323 

epans  being  assumed  of  equal  length.  The  dead  load  was  taken  equal 
to  twice  the  live  load,  which  is  a  iair  average  of  the  conditions  for  rein- 
forced-concrete  bridges;  but  a  considerable  change  in  this  ratio  will  affect 
the  quantities  very  little. 

The  section  at  the  support  is  determined  by  moment  or  shear;   and 
for  any  one  layout  the  depths  at  all  supports  are  made  equal.     The 
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depth  at  the  centre  of  span  is  assumed  to  be  nineteen-twentieths  of  that 
at  the  support  for  continuous  spans,  in  order  to  provide  a  slight  upward 
curve  in  the  bottom  of  the  girder;  while  for  simple  girder  spans  the  depth 
is  kept  constant  throughout.     Reinforcement  is  placed  in  the  girder  below 


I 


Fia,  56io.     Reinforced-Concrete  Ginier  Bridges,  Depths  of  Girders  and  Footing. 

the  slab,  so  that  at  the  support  the  beam  is  figured  for  the  rectangular 
section  beneath  the  said  slab.  T-beam  action  is  assumed  at  the  centre 
of  span.  The  average  thickness  of  slab  was  taken  as  eight  (8)  inches. 
The  concrete  quantities  for  the  girders  were  computed  from  under  side 
of  slab  to  bottom  of  girders. 

It  should  be  kept  clearly  in  mind  when  using  Fig.  56u  that  the  diagram 
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dependent  to  a  large  d^ree  on  the 

trea^ent  determines  the  proportions 

However,  the  quantities  are  not 

itities  in  the  structure;  lind,  therefore, 

not  be  appredable. 
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For  barrel  arches  the  cost  of  the  structure  above  the  rib  will  not  be 
materially  different  from  that  of  the  ribbed  spans,  and  consequently  the 
quantities  for  the  latter  will  be  sufficiently  accurate  for  barrel  arches. 

In  Fig.  5666  are  recorded,  for  the  cantilever  and  counterforted  tjrpes 
and  for  heights  of  wall  up  to  fifty  (50)  feet,  the  volumes  of  concrete  and 
weights  of  metal  per  lineal  foot  of  structure  in  the  spandrel  walls  of  rein- 
forced-concrete,  spandrel-filled  arch  bridges.  In  nearly  all-  cases  it  will 
be  sufficiently  accurate  to  enter  these  curves  with  the  average  height  of 
the  wall.  These  quantities  are  given  for  walls  without  surcharges;  and 
where  it  is  necessary  to  consider  surcharge,  the  quantities  can  be  taken 
with  sufficient  accuracy  for  a  height  equal  to' the  actual  height  without 
surcharge  plus  seven-tenths  (0.7)  of  the  surcharge  height.  Quantities 
for  side  walls  with  transverse  ties  are  not  given,  as  it  is  practically  im- 
possible to  do  so  on  account  of  variations  in  the  layouts;  but  the  quantities 
recorded  in  Fig.  5666  can  be  used,  although  they  are  a  trifle  excessive  for 
this  type  of  construction. 

In  Fig.  56cc  are  recorded,  for  various  superimposed  total  loads  per 
lineal  foot  at  crown,  for  span  lengths  varying  from  fifty  (50)  feet  to  two 
hundred  (200)  feet,  and  for  ratios  of  rise  to  span  length  ranging  from  0.1 
to  0.5,  the  volumes  of  concrete  in  one  rib  per  lineal  foot  of  span  required 
in  the  arch  ribs  of  open-spandrel  arch  spans.  The  weights  of  steel  are  given 
in  pounds  per  cubic  yard  of  concrete.  The  curves  were  worked  up  on  the 
assumption  that  the  live  load  was  four-tenths  (0.4)  of  the  total  superim- 
posed load  per  foot  at  the  crown  (exclusive  of  the  weight  of  the  rib  itself). 
But  to  take  care  of  variations  in  the  ratio  of  live  load  to  total  super- 
imposed load,  the  curves  were  platted  for  an  equivalent  superimposed 

load  equal  to  W  (0.6  +"Tjf  )•     It  will  be  noted  that  this  expression  is 

equal  to  the  actual  superimposed  load  when  ™  equals  0.4.     The  width  of 

each  rib  was  kept,  constant  throughout,  and  was  taken  equal  to  or  greater 
than  the  thickness  at  the  springing.  The  amount  of  reinforcement  used 
in  each  face  varied  from  one  per  cent  for  a  rise  of  one-tenth  of  the  span 
to  one-half  of  one  per  cent  for  a  rise  of  one-half  of  the  span. 

The  separate  ribs  of  ribbed-arch  structures  must  be  braced  together 
by  cross-struts,  except  occasionally  in  the  case  of  arches  carrying  heavy 
loads  for  which  the  ratio  of  rise  to  span-length  is  0.2  or  less.  To  determine 
whether  bracing  is  required  for  such  ribs,  the  load  on  the  rib  should  be 
divided  by  the  economic  carrying  capacity  of  the  rib — determined  from 
Fig.  56cW — thus  giving  the  width  of  the  rib;  and  braces  should  be  em- 
ployed whenever  the  ratio  of  unsupported  length  to  width  of  rib  is  greater 
than  twelve  (12).  In  most  cases  this  unsupported  length  is  the  distance 
from  the  crown  to  the  springing,  as  the  cross-girders  usually  brace  the 
ribs  effectively  at  the  crown.    The  volume  of  the  braces  is  more  or  less 
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inclusive. 
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figured  to  support  Class  A  live  loading,  also  two  8-foot  i^ 
Class  B  live  loading,  the  distance  from  ground  to  grade 
permissible  pressure  on  the  foundation  soil  being  2.5  tonii 
and  the  depths  of  the  foundations  below  ground  level 
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Columns 

Load  on  column  from  girder «  21.5  (15,300  +  1,500)  «  362,000  Vbs. 

Depth  of  girder  (Fig.  5^) »    5.8' 

Depth  of  footing  (Fig.  56u;) -    2.7' 

Distance  grade  to  top  girder —    l.O' 

Total -    9.5' 

Height  of  column -    50'-  9.5'  =«  40.5' 

Concrete  in  one  column  (Fig.  56x) —  14  cu.  yds. 

Steel  in  one  column  (Fig.  56y) =  14  X  150  =  2,100  Vbs. 

Concrete  in  colunms  per  lin.  ft.  of  structure.  .=    2  X  14  -5-  20  =■  1.4  cu.  yds. 

Steel  in  columns  per  lin.  ft.  of  structure =    2  X  2,100  -J-  20  =  210  lbs. 

Weight  of  one  colunm -  14  X  4,000  «  56,000  lbs. 

FooHng$ 

Load  on  footing =  362,000  +  56,000  -  418,000  lbs. 

Concrete  in  one  footing  (Fig.  56^) «■  9  cu.  yds. 

Steel  in  one  footing  (Fig.  56z) -9X65  «5851b8. 

Concrete  in  one  footing  per  lin.  ft.  of  structure.    =  2  X  9  -$-  20  —  0.9  cu.  yds. 

Steel  in  one  footing  per  lin.  ft.  of  structure. . .    —  2  X  585  4-20  »  60  lbs. 

Summary  of  Quantities 


Part  of  Structure 

ConcreCa 

(Cu.Ydfc) 

StMl 

(Pounds) 

Floor  system .  . . 

3.35 
0.74 
1.4 
0.9 

610 

Girders 

140 

Columns 

210 

Footings 

60 

Total 

6.39 

1,020 

B.  For  the  same  type  of  floor  and  loading  as  in  the  preceding  reinforced- 
concrete  trestle  example,  what  will  be  the  various  quantities  of  concrete 
in  the  different  parts  (excluding  abutments)  of  an  arch  bridge  having  a 
single,  150-foot-clear  span  (or  160'  between  springings),  of  which  the  rise 
is  32  feet,  the  arch  being  open-spandrel? 


Floor  System 
(See  preceding  problem) 


Concrete  per  lin.  ft.  of  structure 
Steel  per  lin.  ft.  of  structure. . . . 


3.35  cu.  yds. 
610  lbs. 


Spandrel  Girders  and  Columns 

Assume  load  on  spandrel  columns  per  lin.  ft.  of  structure  same  as  for 

main  girders  in  the  preceding  problem —  30,500  Ibe. 

Concrete  per  lin.  ft.  of  structure  (Fig.  56aa) «=  0.77  cu.  yds. 

Steel  per  lin.  ft.  of  structure  (Fig.  56aa) =  0.77  X  130  =100  lbs. 
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Arch  Ribs 

Supenmj)09ed  Load  at  Crown: 

Dead  Load  (as  ior  girder  spans) »  16,900  lbs. 

Spandrel  girders -  0.77  X  4,000    =    3,100  " 

LtK  Load  (for  SO'  span) : 

Class  25  (Fig.  6A) -    2  X  2,040  =  4,080  lbs. 

Impact  (Fig.  Id) =  36%  =  1,470   " 

Class  A  (Fig.  6o) =  24  X  108     =  2,590   " 

Impact  (Fig.  7c) «  28%  =     730" 

Class  B  (Fig.  6o) -  16  X  90       «  1,440   " 

Impact  (Fig.  7e) =  28%  =     400  " 

Total  Uve  load =  10,710  lbs. 

Total  load  per  lin.  ft  of  structure =  30,710  lbs. 

Total  load  per  lin.  ft.  of  rib  (two  ribs  per  span) —  15,400  lbs. 

Riae =0.2  span 

Concrete  per  lin.  ft.  of  structure  (Fig.  56cc) =  2  X  2.4  =  4.8  cu.  yds. 

Sted  pw  lin.  ft.  of  structure  (Fig.  56cc) =  4.8  X  240  =  1,150  lbs. 

Braces 

Economic  carrying  capacity  of  rib  (Fig.  5Md) »  1,300  lbs.  per  ft.  width 

Width  of  rib =  15,400  -i-  1,300  =  12' 

Unsupported  length *  80' 

Evidently  no  braces  are  needed. 

Summary  op  Quantities 


Part  of  Strueture 

Concrete 
(Cu.  Yds.) 

Steel 
(Pounds) 

Floor 

3.35 
0.77 
4.80 

610 

Spandrel  sirders  and  columns 

100 

Arch  ribs 

1,150 

Total 

8.92 

1,860 

Arch  Piers  and  Abutments 

Owing  to  the  great  number  of  the  variables  which  affect  the  quantities 
of  materials  in  the  piers  and  abutments  of  reinforced-concrete  arch 
bridges,  it  is  entirely  impracticable  either  to  record  the  said  quantities 
by  diagram  or  to  give  any  fairly  approximate  simple  rule  for  their  quick 
(XHnputation.  Concerning  this  matter  the  author  speaks  advisedly;  for 
he  personally  wasted  a  whole  week  of  ten  or  twelve  working  hours  per 
day  in  trying  to  establish  a  formula  therefor,  involving  the  following 
variables:  length  of  structure,  width  of  deck,  average  live  load  (including 
impact)  per  square  foot  of  floor,  average  ratio  of  rise  to  span,  average  height 
of  piers  and  abutments,  average  intensity  of  pressure  on  foundations, 
av^tige  ratio  for  all  piers  of  the  inequalities  (greater  than  unity)  of  the  two 
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adjacent  clear  span-lengths,  average  length  of  span  for  entire  bridge,  number 
of  spans  in  structure,  and  average  for  all  piers  of  the  vertical  distances 
from  the  lowest  part  of  base  to  the  point  of  application  of  the  resultant 
of  the  two  thrusts.    These  variables  were  properly  taken  care  of  in  the 
tentative  equations;   and  approximately  correct  rules  for  their  methods 
of  variation  were  established,  as  hereinafter  indicated.    The  author  had 
at  hand  properly  digested  and  tabulated  data  for  eight  large  arch  struc- 
tures; but,  unfortunately,  there  were  other  variables  than  the  preceding 
ones  involved  in  their  designing  which  prevented  any  satisfactory  sys- 
temization — ^for  instance,  one  bridge  was  built  as  light  as  the  engineers' 
consciences  would  allow  in  order  to  meet  a  fixed  appropriation,  ^while 
another  was  made  very  massive  for  aesthetic  effect  to  suit  the  require- 
ments of  a  client;  two  bridges  had  ice-breaks,  while  the  others  had  none; 
some  of  the  decks  were  cantilevered  out  beyond  the  piers,  while  the  others 
were  not;    some  arches  were  ribbed,  while  others  were  solid-barrelled; 
some  structures  with  unequal  adjacent  spans  had  their  points  of  springing 
adjusted  so  as  to  keep  down  the  overturning  moments  on  the  piers,  while 
in  others  the  springing  points  on  each  pier  were  at  the  same  elevation; 
one  bridge  alone  had  a  double-deck;   and  one  structure  had  two  abut- 
ment piers,  while  none  of  the  others  had  any.     As  a  climax  to  all  these 
variations  were  the  personal  equations  of  the  various  computers — and  these 
in  reinforced-concrete  work  are  by  no  means  inconsiderable,  varymg  often 
by  many  per  cent — ^but  (worse  yet!)  the  fact  that  the  mental  condition  of 
the  individual  computer  changes  from  time  to  time  has  an  influence  on  con- 
crete quantities  that  is  far  from  being  negligible.    Much  to  his  regret,  the 
author  had  to  abandon  his  intention  of  preparing  two  or  three  general 
formulflB  for  concrete  quantities  in  the  piers  and  abutments  of  the  various 
kinds  of  reinforced-concrete  arch  bridges.     Such  a  set  of  €Nquations  would 
have  rounded  out  in  fine  shape  the  tabulated  and  diagrammed  records 
of  quantities  of  materials  in  bridges  given  in  this  treatise.    To  this  extent 
the  author's  work  may,  perhaps,  be  claimed  to  be  incomplete;   but  as 
it  is  necessary  at  times  for  an  engineer  to  make  a  hurried  estimate  of 
cost  of  a  proposed  reinforced-concrete  arch  bridge,  some  means  of  ascer- 
taining, at  least  approximately,  the  quantities  in  piers  and  abutments  is 
a  necessity.    Hence  the  author  will  record  here  a  few  data  based  upon 
a  function  that  he  has  evolved  and  has  termed  the  "Volume  of  Layout," 
which  consists  of  the  product  of  the  area  of  the  profile  (measured  vertically 
between  the  grade  of  the  floor  and  the  periphery  formed  by  connecting 
with  right  lines  the  lowest  parts  of  adjacent  pier  foundations,  and  hori- 
zontally between  the  inner  faces  of  the  abutments)  by  the  width  of  the 
deck. 

In  Table  56a  are  recorded  for  seven  reinforced-concrete  arch  bridges 
the  following  functions:  Length  in  feet  of  structure  between  inner  faces 
of  abutments;  clear  width  of  deck  in  feet;  average  height  in  feet  of  all 
the  piers  and  the  abutments;    average  live  load,  including  impact,  in 
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The  method  of  employing  Table  66a  for  ioqr 
follows: 

First.    Prepare  a  truenscale  profile  of  the  crossiii|^: 
line,  the  ground  line,  and  the  inner  faces  (tf  the 
on  it  a  foundation  line,  indicating,  as  well  as  CMa|N| 
depths  to  which  the  piers  and  abutments  must  go*  .«^  >^' 

Second.    Calculate  roughly  the  area  included 
foundation  profile,  and  the  face  lines  of  abutmentib^ 
the  clear  width  of  roadway,  so  as  to  obtain  the  ** 

Third.    Determine  which  of  the  seven  bridges  i 
ditions  most  nearly  agreeing  with  the  one  in  questkn 
character  of  construction,  and  take  its  recorded  value 
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one  hundred.    The  result  will  be  the  total  vdume 
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It  is  difficult  to  say  how  the  chantge  in  Uiii  n^^iWlWBt,, 
span-length  will  affect  the  volume  of  the  piers,  bill  tiM 
that  the  following  equation  will  provide  fairly  well  lur 
variation: 
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Inequality  qf  Adjoining  Spanr, 


•  The  effect  of  this  factor  will  depend  on  the 
of  the  two  spans  on  each  pier.    If  these  be  kept  iti 
value  of  p'  will  be  given  approximately  by  the 
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sMBnAfSDngikL  the  number  of  pien  is  de^- 
is  mereased.    The  effect  of  variatiom  will 
Igr  the  equaticmi 

^r  (Ay*  [Eq.  8] 
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^^snm  qf  BesuUaml  Thrusts 

too  great  a  difference  between  the  values 
Irill  be  given  with  sufficient  accuracy 
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mmmt>kr  liw  Tdmof  F  «ibB  #pi  <Ctii|i 

nildb  tiie  ratio  ol  the  fMtoni  under  ftwiffHinrwtlilli 
^^pMyd  to  the  curve  representing  the  ei^MVMnt 
iriihieii  read  at  the  kfirhai^ 

'' B 18  to  be  regretted  Ihat  th^ 
^ipes  of  reinforced-ooncrete  areh-lnridges  recorded  hk 
aipioe,  there  aie  not  epoiJi^  reporde  to  indtcivtjp  Itofl^ 
ci^aige  in  paaring  from  rtructurea  witli  captilevii 
ttlbin*    The  authcxr  ia  ol  the  <q)inion  that  IF  tbi 
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d^iod  Iqr  this  change  m  per  cent,  the  vaiue  of  1^ 


:A^ 


|pj*^iii*^^ 
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pff  cent.    Agafai^  in  paaehig  from  arch  bri«||^ 
tlioeiB  wi^  earth-filling,  exclusive  of  the  (^eet  of 
beaclpetSi  thiere  is  an  increase  in  the  value  of  P^ 
dead  load— ixNMibly  from  twenty  (20)  to  thirlgr 
more,  other  things  being  equal,  there  is  an  incraasi  ti| 
to  passing  from  ribbed  to  solid-barrelled  arches^ 
about  twenty-five  (25)  to  nearly,  fifty  (50)  per  cent, 
great  variations  it  is  expediait  wh^gi  using  TaMe  6to 
as  possible  to  the  type  of  structure  contemi^hitedi 
great  may  be  the  variations  in  the  terms  of 
because  all  the  said  equations  give  fairly  accurate  rendla 
values  of  the  corresponding  terms  are  widely  divergent. 

In  respect  to  what  is  the  proper  amount  of  rdotfi 
yard  of  concrete  to  allow  for  the  piers  and  abutments  ef 
Crete  arch-bridges,  there  is  a  very  wide  range,  depen«Ai 
lightness  or  the  massiveness  of  the  construction,  the 
greater  being  the  proportionate  quantity  of  the  metal.  ' 
ing  solid-bairelled  arches,  twenty  (20)  pounds  per  cufaie  jMl 
while  for  ribbed  arches,  the  steel  should  be  taken  at 
ninety  (90)  pounds  per  cubic  yard,  with  an  average  of 
pounds.    The  lower  of  these  values  should  be  used  fef 
tion,  while  the  upper  one  should  be  adopted  for  li^ 
sections  have  to  be  well  reinforced  for  bending.    Thi 
will  vary  from  twenty  (20)  to  seventy  (70)  pounda 
masfr-abutments  with  small  wing  walls,  the  lower 
while  for  the  same  type  of  abutment  with  large 
having  from  one-quarter  to  one-half  of  the  volume 
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)qr  aiudlysiiig  the  reeatds  of  in|i|( 

fl^  tabte  fiiimto  to  Tk|>iB  liea;  iti^^ 

SqI  tilo  iiphup  (rf  P'  in  (xrdw  to  dbti^  |ld^ 

J^  to  0  iiidusiye,  of  this  dtf^)td^^<f 

jtefc^fli^iJM^  diffcarent  equatb»0  thi^,  trtt^ 

k^  <tf  the  methodi  of  vohiiw 


K^G 


■».  ♦ , 


to  lieaigii  a  raiifoioed*eoiieriie 

lOiflhle  io#ve  liere  wy  data  in  r^pud  tomudi 

pinietiQiible  to  moatd  all  the  quantities  of 

di!^  flAtoe  iray  at  herein  esqdained  for  h^l* 

Jbi|^iraiy<«pd-de^  bridges  of  xein- 

|d^  to  use  theieoord  in  the  maimer  described. 

of  reloloreed-ooncrete  railroad  brkiges  have 

t#f  adMiuafte  sise  and  scope  similar  to  Table 

Jeoords  of  such  structures  should  be  made 

^  the  engineering  profession  in  geueraL 

^JBiWbepfofbspor  of  engineering  who  spedntiseri 

eertsin  that  he  would  meet  with  no  #fll- 

data  bom  the  bridge  specialists  liad  i^ 

lo  appltr  Table  66a  and  Equations  2  to  9,  in- 
ifsumiide  will  now  be  given. 
1^600  feet  Umg  between  inner  faces  of  abut- 
JbandHtails  of  50  feet,  an  average  hei^t  of 
^i/i^lfS  leeti  a  live  load  (including  impact)  of 
^1^1,  intensity  of  pressure  on  foimdations  oi 
,to  spen  of  0.2,  an  average  of  all  the  ratios 
to  lu2,  an  average  clear  span  of  126  feet, 
equal  to  46  feet,  the  number  of  efpans 
ase  eantilever  brackets,  that  the  arch  is 
^i^irth  fill),  and  that  the  heights  of  the  abut- 
Pfth  a  slope  of  earth  about  one  and  a  half 
and  one  that  is  nearly  level  behind 


ri 
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is  1600  X  76  -  120,000  8q.  ft.,  and 
X  6Q  +  27  -  222,200  cu.  yds.  The 
twembling  the  (me  propoeed  is  the 
F  is  6.0. 
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Substituting  in  Equations  2  to  8,  inclusive,  gives  the  following  factors: 


p:  =  f2i\i  =1.05 

F       V62/ 

t  =  {}^\i  =  0.90 
F      V  165  / 

^  =  (i6£\i  =  1.49 
P'       V    5    / 

£  =  (0:11)*  =  0.93 
P'       V  0.20  / 

£  =  (i:?^)*    =  1.07 

P;  =  (ill)*   =  0.97 
F'       V  125  / 

P:=fii)*     =1.04 
P'       V40/ 

Multiplying  these  values  together  we  have 

p'  =  1.415  P'  =  1.415  X  6.0  =  8.49 

.'.  v'  =  222,200  X  8.49  -h  100  =  18,900  cu.  yds. 

On  account  of  the  irregularity  of  both  abutments,  this  amount   has 

12  —  1 
to  be  multiplied  by  — r^ —  in  order  to  find  the  contents  of   the  eleven 

piers  alone,  making 

18,900  X  T^  =  17,300  cu.  yds.,  or  1,580  cu.  yds.  per  pier. 

The  ratios  of  heights  of  abutments  and  average  pier  are  —  =  0.87 

25 
and  —  =  0.33.     Referring  to  Fig.  56ee,  we  find  for  the  large  abutment 

a  ratio  of  2.1  and  for  the  small  one  a  ratio  of  0.44,  making  a  total  of  2.54 
for  the  two  abutments;  hence  their  combined  volume  is 

1,580  X  2.54  =  4,010  cu.  yds. 

Adding  this  to  the  17,300  cubic  yards  found  for  the  eleven  piers  makes  a 
grand  total  of 

21,310  cu.  yds. 

This  chapter  was  the  last  one  of  the  book  to  be  completed,  because 
the  quantities  of  materials  for  reinforced-concrete  bridges  were  not  figured 
until  after  the  MS.  of  all  the  other  chapters  had  gone  to  press;  and  this 
question  of  quantities  for  piers  and  abutments  was  the  last  one  of  all  to 
be  solved.   It  had  been  considered  not  only  by  all  of  his  assistants,  but  also 
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lietim  witli  aiiy  wiginiRmng  piojeet 

^jipi^  artiniAtci  will  often  dqpeiid  the  ini|poi^^ 

tiijitli^  accuracy,  he  wffl  not  often  he  eiiiECM^^ 
fiaiinaiy  eetimates  for  important  prdjeefs. ' 
^  liie  n^quieiteB  for  pr^^ 

First.    A  wide  ei^rienoe  in  oonetroction jtfid  ill' 
^iieof • 

Seomd.  The  liabit  of  keeping  in  tou^i 
and  oth^wiee,  with  the  current  prices  id  all 
U9ed  on  engineering  works. 

Third.    The  ability  to  graQ)  great  pt^Ailm^ 
advance  their  ^itire  devdopment  and  eveijr  ^ 
fltrubtibni  and  to  foresee  eventualities.  '^' 

Fourth.    The  habit  of  general  accuracy  and  of 
checking  one's  computations  so  as  to  avoid  all  errm 

Fifth.    The  faculty  of  isystemixationy  so  as  to 
omission  of  important  items  of  expense  by  the 
making  of  records. 

Sixth.    Absolute  honesty,  developed  to  such  an 
to  materialize  the  project  will  in  no  way  influence  the 
the  estimated  expense  or  to  omit  any  probable  item 

Seoenih.    Good  judgment  to  prevent  a  too  honest  i 
from  overloading  the  estimate  and  thus  killing  the 

Eighth.    The  courage  of  one's  convictions,  in  order  ^ 
eyj&ry  estimate  imhesitatingly  and  unequivocally  and  y 
clients  to  have  confidence  in  the  ability  of  their  **^gfa|Wg 

A  good  fundamental  rule  for  the  preparation  of  tUSf 
try  to  round  out  to  too  great  an  extent  each  item  of 
it  for  contingencies,  but  to  add  a  general  item  of 
Of  course,  one  should  not  record  the  result  of  the 
with  ridiculous  accuracy,  because  that  would  shake 
in  the  business  ability  of  his  engineer;  but  it  is  ea|g 
figures  for  each  item  without  making  it  include  asq^ 
This  can  be  accomplished  by  diminiflhing  as  we|i^^ 
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lii»  1MI  teying  to  «ovw  y»  jgiiomeM 

^iiKiiMiv^^     and  tha  probals^  difikfiMia^  ta^^^ 
In  the  ease  of  a  viaduct  over  a  cbjrfgiai^-l^m 
^bala  asa  aaqda  facSitiea  lof  tiaiiipRltfallktt 

wtB  BK)  figoiai  the  (ttriangBDcr 

iMraativoorttoeeperoent;  but  in  the  eaae  cl 

pyir»  vftt  ioiiiidaitioiia  far  below  the  thtet^ 

pmEL  dviliaatioii,  it  diould  be  high,  say  fitxm 

iAUMr  eoiMideva  the  lattw  figure  to  be  the 

MIoedieQgiiiemDgpraetioe;  for  any  laiger 

4pi  #a  flogiiieer  had  not  the  pioper  data 

^Che  experiiiiced  eoginetir  i0  nibt 

l^r  ecUttogenciee  bjr  dther  guesa^rotl:  c»r 

his  entire  Bflt  of  items  ci  cost  and  nffl 

ad  as  to  deeide  whether  it  oontahis  an 

1i  so,  about  how  much  should  be  aSdwed 

aSowinees  and  porhaps  adding  a  titfe  for 

to  obtain  the  geneial  item. 

HeHia  ef  eipense  tiiat  will  aid  one  in  figuring 

ItrQjeefc.^  B  is  as  complete  as  the  author  can 

4m  hltti  to  guarantee  that  it  ccmtains  every 

laagr  arise.*  It  is  understood  that  no  par- 

if  these  items.' 

Bxpen9e9 
hiduding  lawjrers'  fees,  state  charges, 

fAAwUUK* 

ilB^  {dotting  of  the  data  accumulated 

work, 
the  War  Department, 
and  the  qyacifications  inreparatory 

|i|liiilg  Hbe  moDiey  to  build  the  proposed 
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-1;  SMMtonifa  delhrored  at  Mte. 

6*  Maintenaee  of  traffic* 

7.  Erection  of  metahrorlL 

&  Painting  of  metalworiL 

9.  Framing  and  placing  of  timber. 

10.  Laying  of  rails. 

11.  Pavemaity  including  base  therefor. 

12.  Operating  machinery  of  all  kinds. 

13.  Machinery  house  and  dielter  house. 

14.  Electric  lighting. 

15.  Coimter-weii^ts. 

16.  Toll  house. 

17.  Concrete. 

18.  Rdnforcing  metal  for  conci^ete. 
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1.  Clearing  and  grubbing  of  right  of  way* 

2.  Earthwork,  including  ditches  and  off-talpfi 

3.  Track  on  embankment,  including  baUac^afr''^''' 

4.  Frogs,  crossings,  switches,  and  signals.     *'^'< 

5.  Interlocking  apparatus.  ;,^]^ 

6.  Culverts  and  tile  drains. 
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JM#  to  pn|Mtf»  for  3rou  as  Mmnmte  esliuaitai  is 
_,_^     tlMEMbisid  tli»  McNhttitt' bridieB  with 
^  teddaii  live  loads  of  the  aaine  wetunl  oharaettt  as 
WiilMmmi  moA  vmngeamsA  prioea  of  materiali  and 
_  ,  fiaa  |iwf arfod  to  hat^  me  figmre  oo  gn^Je  q^ana 
if  the  preaeiit  atnicture;  and  yoa  desired  me  not  to 
lisriMwi  eithar  sted  trestle  or  earth  embankment. 
on  pennanent  oonstmctiOQ. 
iiaslnictions  I  proonred  a  small  soale  i^an  and  pro- 
ft  poESoiial  examintttkm  of  the  Eads  bridge  and  its 
to-hat«  made  for  me  the  next  day  ftnd  ant 
j#lhe  iW>oaohes  to  the  Merchants' bridge.    Aal 
ll/f  Hie  St.  Louis  Bridge,"  and  as  yean  ago  I  was 
^^eomiMiitive  i^ans  for  the  Merchants'  bridge, 
"p||i|hit  the  required  estimates*    Moreover,  as 
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ir'. 


Sb^ 


'^^^"^-^'^ 


I'^'O^.i''--  ■-:%■".. 


ridawBm* 


lie  qI  doubt 

^    ■'''*---^--  wlwin  tbe  earth  ooold  be  prooiired/ 1  have  e&QifraA 
vi;      f^^  thirl^-five  (35)  oa&te  woiikl  i»i(M49r  Mfljkif^, 

3  "Efe  moM  hiipertuit  of  the  iche^ 

CMxKi  rtedi  wqiMtBtiueluie  for  river  qieiie  efoeled  eiiP 
: '    '  ^l|iifMii''Mnii'  (4.(^)  per  pomd.  ^^^^"^  -^  ^ 

Silto  for  rtedi  approedbaiy  thxee  end  eiglit-^^ 
Bfdhraar  wooden  floor  end  taib,f^ 
•  CkeoioledbiookpaTeiiieiitto 
JUpheit  iMmment  for  adeferallai  one  dollar  (SI)  per  e^ili^- 
MiiW^  ^**^  "*^  M^<— ""w  nf  pinra  in  plnnft^  nlthtftin  driilanti 
:.  €^^ 

yWmi^^  facing  etonee  in  plaee,  twenty  doiare  ^20)  per 
«l!hBanile  oopmg  stones  in  plaoe,  thirty  d^l^ 
*  ..^tacavation  for  pedestals,  fifty  eents  (50c)  per  cuble  yani.^  ^<lk«^£^ 

;\  penciete  for  pedestals,  el^t  doOars  (18)  per  oubio  yard.   .       ^.^^  u 
.j^^-  ^  Mes  in  place,  sixty  cents  (60c)  per  lineal  foot.  .   'V  ^  ' 

Earth  embankmoit,  forty  cents  (40c)  per  cubic  yard.  .*^ 

Railway  track  on  embankment,  induding  ballast,  four  dofliii 
sinfl^  trade. 

For  the  cost  of  shore  piotectian,  li^t-of-way,  and  JM'opeito' 
any  data,  I  had  to  use  my  judgment;  but  I  bdieve  I  have  been  H 
anoes  for  these  items.  i  ^i/, 

Please  note  that  in  estimating  the  cost  of  li^t-of-way  I 
ing  to  thoee  existing  at  the  dates  whrai  the  bridges  were  binlt|  md 
to-day;  as  this  appears  to  me  to  be  the  fairest  practicable 

The  cost  of  engineering  I  todc  at  the  standard  rate  of  &fm  K^^M^ 
cost  of  completed  structure;  and  I  made  an  equal  aDowanoe 
interest  during  construction,  and  administration.  .>    .1^  :t4 

On  the  preceding  basis  my  estimates  of  total  cost  are  aa  MfliRUy' 

Eads  Bridqs  V  Wj» 

One  550^  span  at  $760  per  lin.  ft ^,^^' 

Two  534'  spans  at  3745  per  lin.  ft ^ .  ^,y^ 

Two  237'  qpans  at  3470  per  lin.  ft -.^.^ 

Pier  No.  1 * .  w  .?^ 

PierNo.2 ^-  *«^ 

Pier  No.  3 ..t^ 

Pier  No.  4 .>? 

Pier  No.  5 .>..  ^ 
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Rcr  No.  6 51,000 

Combined  railway  and  wagon  trestle,  1,350' at  $250 337,500 

Highway  trestle,  1,250^  at  $150 187,500 

Railway  trestle,  1,250^  at  $102 127,500 

Short  span,  50'  at    $70 ;  3,500 

Four  (4)  abutments,  say 60,000 

Embankments,  200,000  cu.  yds.  at  40c 80,000 

Tra^  on  embankments,  3,200  lin.  ft.  at  $4 12,800 

^lore  protection,  say 25,000 

Ri^t  of  way  and  property  damages,  say 100,000 

Summation $2,865,240 

Engineering,  financing,  interest,  and  administration,  10% 286,524 

Grand  Total  Cost  of  Structure $3,151,764 

As  a  check  on  the  preceding  total  cost,  I  beg  to  state  that  Waddell  and  Harrington's 
estimate  for  the  cost  of  a  similar  structure  at  Chouteau  Avenue,  without  any  allowance 
for  financing,  interest,  and  administration,  was  $3,004,000.  Adding  five  (5)  per  cent  for 
these  omitted  items  would  make  the  total  cost  about  $3,150,000.  This  is  an  unusually 
close  coincidence. 

Merchants'  Bridge 

Three  (3)  spans  of  517  ft.  each  at  $445  per  lin.  ft $690,195 

Piers  No.  1  &  No.  4  at  $65,000  each  (average) 130,000 

Piers  No.  2  <fe  No.  3  at  $83,000  each  (average) 166,000 

Steel  trestle,  3,160  lin.  ft.  at  $116  per  lin.  ft.  (average) 366,560 

Five  (5)  short  spans  and  their  four  (4)  pedestals 58,000 

Ten  (10)  abutmente 138,000 

Earth  embankments,  640,000  cu.  yds.  at40c 256,000 

Track  on  same,  17,400  lin.  ft.  at  $4 69,600 

Shore  protection,  about 15,000 

Right-of-way  and  property  damages,  say 50,000 

Summation $1,939,355 

Engineering,  financing,  interest  and  administration,  10% 193,935 

Grand  Total  Cost  of  Structure $2,133,290 

As  a  check  on  a  portion  of  the  preceding  figures,  I  would  state  that  the  contractor's 
price  for  the  three  (3)  main  spans,  four  (4)  main  piers,  and  the  eight  hundred  and  fifty 
(850)  feet  of  steel  trestle  which  was  built  at  the  same  time  as  the  main  spans,  was  a 
little  less  than  one  million  and  seventy  thousand  dollars  ($1,070,000).  This  figure  was 
tendered  on  the  work  by  the  unsuccessful  bidder  with  whom  I  was  then  temporarily 
associated. 

The  corresponding  figure  taken  from  ray  preceding  estimate  of  cost  is  one  million, 
eighty-four  thousand,  seven  hundred  and  ninety-five  dollars  ($1,084,795). 

There  is  one  important  point  in  connection  with  my  figures  to  which  I  desire  to 
^  your  attention,  viz.,  that  while,  because  of  the  assumption  of  modem  live  loads, 
my  estimates  of  cost  of  superstructure  would  be  higher  than  the  present  values  of  the 
casting  superstructures;  on  the  other  hand,  my  designs  for  substructure,  while  just 
M  good  in  every  particular,  are  decidedly  more  economic  than  those  for  the  existing 
^tfidges.  These  two  variations  tend  to  balance  each  other,  hence  the  close  check  in  the 
CMC  of  the  Merchants*  bridge. 

Very  respectfully  yours, 

J.  A.  L.  Waddell, 
Consulting  Engineer.^* 
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While  it  is  impossible  to  give  accurate  schedule  costs  of  all  the  materials 
and  labor  in  bridge  construction  because  of  their  variation  from  time  to 
time  and  on  account  of  the  different  conditions  at  different  locations,  the 
average  figures  in  Table  57a,  which  are  based  on  the  current  American 
prices  for  1915,  may  be  of  some  assistance  in  making  approximate  estimates 
of  cost  of  bridges  and  their  approaches.  These  figures  are  not  to  be  used 
for  reinforced  concrete  bridges,  because  those  constructions  are  so  funda- 
mentally different  from  all  other  kinds  of  bridges  as  to  warrant  their 
receiving  a  separate  treatment  in  respect  to  estimating  on  their  cost.  On 
this  accoimt  the  dissertation  thereon  which  follows  later  has  been  made 
somewhat  elaborate  in  respect  to  detail. 

The  determination  of  the  imit  costs  for  the  various  portions  of  a  rein- 
forced concrete  structure  is  quite  a  diflScult  matter,  owing  to  the  great 
variation  in  certain  of  the  most  important  factors.  Accurate  values  can 
be  gotten  only  by  estimators  who  are  thoroughly  familiar  with  every 
detail  of  construction  work;  but  results  sufficiently  close  for  preliminary 
estimates  can  be  secured  much  more  easily.  The  most  satisfactory  book 
on  this  subject  that  the  author  has  had  occasion  to  employ  is  "Concrete 
Costs,"  by  Taylor  and  Thompson.  While  that  treatise  is  best  adapted 
to  making  estimates  of  cost  of  building  construction,  it  will  be  found  of 
great  value  for  bridges  as  well.  It  will  be  sufficient  for  an  engineer's 
preliminary  estimate  to  assume  the  concrete  in  place  in  the  various  por- 
tions to  cost  so  much  per  cubic  yard,  the  steel  in  place  so  much  per  pound, 
and  the  handrails  so  much  per  lineal  foot,  the  values  being  taken  as  accu- 
rately as  the  knowledge  of  the  estimator  will  permit.  Other  items,  which 
are  not  peculiar  to  reinforced  concrete  bridges,  will  also  have  to  be  con- 
sidered. A  contractor's  estimate,  however,  should  be  based  upon  a  de- 
tailed study  of  all  of  the  construction  problems  involved. 

The  principal  items  which  enter  into  the  cost  of  a  cubic  yard  of  con- 
crete are  excavation,  materials,  mixing  and  placing,  and  falsework  and 
forms.  The  chief  elements  of  cost  for  the  reinforcing  steel  are  the  cost 
of  the  steel  itself  delivered  at  site  and  that  of  bending  and  placing.  Proper 
allowance  must  also  be  made  for  overhead  expenses,  incidentals,  and  profit. 

Excavation  is  frequently  charged  against  the  substructure  concrete;  but 
it  is  better  practice  to  estimate  it  separately,  except  in  the  case  of  large 
river  piers  sunk  by  the  pneumatic  or  by  the  open-dredging  process.  Where 
conditions  warrant,  excavation  should  be  separated  into  different  classes, 
as  dry,  wet,  rock,  etc.,  depending  upon  the  nature  of  the  materials  to  be 
encountered.  The  determination  of  this  item  of  cost  is  not  difficult,  pro- 
vided there  is  no  considerable  amount  of  rock  to  be  removed,  which  is  very 
seldom  the  case  unless  it  be  badly  disintegrated,  as  it  was  in  the  founder 
tions  of  a  number  of  bridges  and  trestles  of  the  author's  along  the  Fraser 
River  in  British  Columbia. 

The  cost  of  the  materials  for  a  cubic  yard  of  concrete  can  be  easily 
computed,  as  soon  as  the  prices  of  the  cement  and  of  the  aggregates  and 
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TABLE  575 
Amount  or  Matbbiaui  RaQmuD  roB  Onb  OmK^ 


^ « •  wi 


ProportioDs  by  Parte 


Cement,  barrels. 

Sand,  cubic  yards 

Bn^ran  stone  or  gravel,  cubic  yards. 


3*      •* 


feet.  To  utilize  these  diagrams,  it  is  necessary  to 
cost  of  cement  per  barrel,  trace  horizontally  to  the 
cost  of  the  sand  per  cubic  yard,  then  vertically  to 
the  cost  of  the  broken  stone  or  gravel  per  cubic  yarc^ 
tally  to  the  side,  where  the  cost  of  all  the  materida 
concrete  is  read  directly.  The  lines  to  be  followed 
$1.50  per  barrel,  sand  80  cents  per  cuUc  yard,  and 
$1.20  per  cubic  yard,  are  indicated  (mihe^^ires. 
represent  fair  average  values  for  a  number  of  jobs 
thor's  firm,  and  can  be  used  for  preliminary 
are  at  hand.    The  prevailing  price  of  cement  canf 
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however,  and  it  will  rarely  be  advisable  to  omit  looking  it  up.  To  this 
there  should  be  added  the  freight  rate,  and  also  about  t«n  cents  per  bar- 
rel to  cover  the  coet  of  unloading,  etc.  The  costs  of  the  aggregates  are 
not  ao  important,  although  they  should  be  obtained  when  poedble. 


TiQ.SJa.    Cost  of  Materials  in  One  Cubic  Yard  of  1 :2:4  Concrete. 

If  matetials  have  to  be  handled  by  wagon  for  some  distance,  the  prices 
will  have  to  be  increased.  Estimates  should  be  made  on  the  assumption 
that  broken  stone  will  be  used  unless  it  is  known  positively  that  well- 
^aded  gravel  can  be  obtained.     The  curves  cover  the  extreme  ranges  of 
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prices  of  materials  that  may  be  expected.     Prices  of  cement  are  given  in 
Engineering  News  the  first  of  each  month. 

The  cost  of  mixing  and  placing  concrete  will  vary  in  extreme  cases  from 
50  cents  to  $2.50  per  cubic  yard.    On  laige  jobs  (say  10,000  cubic  yards) 


Fia,  576.    Cost  of  Materiab  in  One  Cubic  Yard  of  1:3:5  Concrete. 

under  average  circimistances  it  may  be  expected  to  run  about  $1  per  cubic 
yard,  and  for  somewhat  smaller  jobs  $1.50  per  cubic  yard.  For  jobs 
containing  less  than  1,000  cubic  yards  the  cost  may  go  as  high  as  $2 
per  cubic  yard.    These  figures  include  a  proper  allowance  for  the  cost 
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Table  57d  presents  similar  information  regarding  the  imit  prices  paid  by 
his  clients  for  materials  in  place  in  completed  structures. 

TABLE  67d 

Coer  OF  Matebiaia  for  Reinforced  Concrete  Structures,  in  Place 

1: 2: 4  Concrete  Used 


Concrete  in  pier  andcolumn  bases,  per  cu.  yd 

Concrete  in  pier  and  column  shafts,  per  cu.  yd 

Concrete  in  main  girders,  per  cu.  yd 

Concrete  in  cross  girders  and  cantilever  beams,  per  cu. 

yd 

Concrete  in  fascia  girders,  etc.,  per  cu.  yd 

Concrete  in  slabs,  per  cu.  yd 

Concrete  in  arch  rmgs,  per  cu.  yd 

Concrete  in  stairways,  per  cu.  yd \ . 

Concrete  in  retaining  walls^  per  cu.  yd 

Handrails  on  bridge,  per  Im.  ft 

Handrails  on  stairwavs,  per  lin.  ft 

Reinforcing  steel,  H    and  over,  per  lb 

Reinforcing  steel,  under  Ji" 

Structural  steel,  per  lb 

Castings,  per  lb 

Wrou^t-uron  drain  pipes 


$8.00  to  $11.50 

9.00  to    12.00 

10.50  to    15.00 


10.50  to 

11.50  to 

9.00  to 

12.00  to 

15.00  to 

9.00  to 

2.00  to 

2.50  to 

2.5c  to 

2.6c  to 

4c      to 

3.5c  to 

4c      to 


15.00 
16.00 
15.00 
17.00 
30.00 
15.00 

5.00 

6.00 

4c 

4.25c 

6o 

7c 

8c 


$9.00 
11.00 
13.00 

13.00 
14.00 
12.50 
13.50 
20.00 
11.50 

3.00 

3.50 

3c 

3.25c 

5c 

5c 

6c 


The  unit  prices  in  this  latter  table  include  all  expense  items  of  ev^y 
sort.  The  corresponding  costs  of  the  materials  delivered  at  site  are  those 
given  in  Table  57c.  The  average  cost  of  mixing  and  placing  concrete  for 
these  jobs  was  about  $1.50  per  cubic  yard,  and  the  average  cost  of  ma- 
terials in  the  concrete,  by  Fig.  57a,  was  about  $3.70,  so  that  the  average 
cost  of  materials,  mixing,  and  placing  was  about  $5.20.  Adding  15  per 
cent  for  profit  and  wastage,  this  item  becomes  $5.98,  say  $6.  The  average 
values  given  in  Table  57d  can  be  used  ordinarily,  modified  for  the  differ- 
ences in  the  cost  of  materials.  Thus,  if  for  any  job  cement  costs  $1.80 
per  barrel,  sand  $1  per  cu.  yd.,  and  broken  stone  $1.50  per  cu.  yd.,  and  the 
cost  of  mixing  and  placing  is  $2  per  cu.  yd.,  the  average  unit  costs  for 
concrete  in  place  should  be  increased  by  1.15  (4.50  +  2.00)  —  $6.00  = 
$1.47  per  cu.  yd.  In  a  similar  manner,  if  for  any  job  the  price  of  reinforc- 
ing steel  ^  inch  or  larger  is  1.25  cents  f.o.b.  cars  at  Pittsburg,  and  the 
freight  rate  is  0.30  cents,  the  cost  of  the  steel  in  place  will  be  1.15  (1.25  + 
0.30  +  0.70)  ==  2.59  cents. 

In  preparing  preliminary  estimates  of  cost  one  should  be  liberal  but 
not  extravagant;  for  clients  will  readily  forgive  an  inaccuracy  by  which 
they  save  money,  but  they  will  remember  unfavorably  for  a  long  time  an 
engineer  whose  estunates  have  been  materially  exceeded  by  the  actual  cost 
of  the  work.  There  are  certain  allowances  for  extras  that  should  always 
be  made;  for  instance,  permissible  excess  in  weight  of  metal,  which  amounts 
to  from  one  to  three  per  cent,  according  to  the  character  of  the  construction; 
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6.  RietiewBl  or  i^pmsmg  of  draw  pmtoofiM;  •  ^i^kf^kt 

7.  B^>air8  to  operatiiig  ma^dtety     *  ^'^^^ 

8.  Pointing  of  masonry.  ..  s .  ly^^ 

9.  Adding  of  rip-rap.  .i  ir»n*=;!  aini 

10.  Renewal  of  track  rails.  :i^if  m^ 

11.  Repairs  to  lighting  apparatus.  >'  i<V!^tv 

12.  Fuel,  oil,  and  waste  for  operating  thftanhlnsijfe-^^i* 
18.  Fuel  for  heating.  'v?'*^^ 
14.  Electric  or  other  lighting.                            >  ^^  ^ 
16.  All  rents. 

16.  Salaries  of  bridge  t^iders. 

17.  Salaries  of  track  repairers. 

18.  Salaries  of  officers  of  the  bridge  company. 

19.  Salaries  of  toll  collectors. 

20.  Salary  of  bookkeeper  or  accountant. 


^5f|(f*'A* 


21.  Electric  power  for  operating  opening  span  <^fe|t| 

22.  Insurance. 

23.  Taxes. 
The  estimating  of  revenue  is  often  a  most 

one  hand  there  is  the  almost  unavoidable  desire  to 
possible,  and  on  the  other  there  is  the  danger  of  i 
profit  or  of  failing  properly  to  anticipate  future 
If  a  highway  bridge  is  contemplated  for  a  crossing 
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which  treats  of  "Reports^" 

^Biksk  ime^afoxiple  of  oomparative  estimates  of 

#hen  compound  interest  is  considered. 

the  |ircq[>^  )aiietii^  of  comparison  is  the  asoer^ 

will  have  coert  after  the  expiiration  of  a 

aU  of  the  structures  compared  are  in  like 

falue.    Another  method  of  comparison  is  to 

first  Qosts,  sum  these  up  for  each  case,  and 
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HMe  pvea  in  Table  576  will  be  found  very 
estfanates  of  cost  of  this  kind. 
3  per  cent,  money  will  double  itself  in  23^ 
\f  at  5  per  cent  in  14.2  years,  and  at  6 
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ly  in  the  case  of  reinforced  concrete, 
/been  treated  solely  from  the  point  of  view 
diould  be  identical  with  that  of  the 
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railroad  engineer,  but  there  are  other  bridge  engineers  than  consulting 
ones,  and  they  have  estimates  to  make  of  a  different  kind,  consequently 
the  remainder  of  this  chapter  will  be  devoted  mainly  to  their  needs.  The 
other  engineers  referred  to  are  those  of  the  bridge  manufacturers  and 
erectors;  and  they  outnumber  the  consulting  engineers  probably  ten  to  one. 


TABLE  57e 

Ck>ifPOiTMD  Imterbst  Table 

Values  of  one  dollar  at  compound  interest,  compounded  yearly,  at  3,  4,  5  and  6  p^ 

cent  from  1  to  50  years. 


Yem 

8% 

4% 

5% 

6% 

1 

1.03 

1.04 

1.05 

1.06 

2 

1.0609 

1.0816 

1.1025 

1.1236 

3 

1.0927 

1.1249 

1 . 1576 

1 . 1910 

4 

1.1255 

1.1699 

1.2155 

1.2625 

5 

1.1593 

1.2166 

1.2763 

1.3382 

6 

1.1941 

1.2653 

1.3401 

1.4185 

7 

1.2299 

1.3159 

1.4071 

1.5036 

8 

1.2668 

1.3686 

1.4774 

1.5938 

9 

1.3048 

1.4233 

1.5513 

1.6895 

10 

1.3439 

1.4802 

1.6289 

1.7908 

11 

1.3842 

1.5394 

1.7103 

1.8983 

12 

1.4258 

1.6010 

1.7958 

2.0122 

13 

1.4685 

1.6651 

1.8856 

2.1329 

14 

1.5126 

1.7317 

1.9799 

2.2609 

15 

1.5580 

1.8009 

2.0789 

2.3965 

16 

1.6047 

1.8730 

2.1829 

2.5403 

17 

1.6528 

1.9479 

2.2920 

2.6928 

18 

1.7024 

2.0258 

2.4066 

2.8543 

1ft 

1.7535 

2.1068 

2.5269 

3.0256 

20 

1.8061 

2.1911 

2.6533 

3.2071 

21 

1.8603 

2.2787 

2.7859 

3.3995 

22 

1.9161 

2.3699 

2.9252 

3.6035 

23 

1.9736 

2.4647 

3.0715 

3.8197 

24 

2.0328 

2.5633 

3.2251 

4.0478 

25 

2.0937 

2.6658 

3.3864 

4.2919 

30 

2.4272 

3.2434 

4.3219 

5.7435 

35 

2.8138 

3.9460 

5.5166 

7.6861 

40 

3.2620 

4.8009 

7.0100 

10.2858 

45 

3.7815 

5.8410 

8.9850 

13.7646 

50 

4.3338 

7.1064 

11.6792 

18.4190 

The  engineer  of  a  bridge  manufacturing  company  is  generally  called 
upon  to  estunate  only  on  the  cost  of  metal  delivered  at  site.  In  doing 
this  he  will  find  the  following  list  of  items  of  cost  to  be  of  service: 

1.  Materials  delivered  at  shops. 

2.  Drawings. 

3.  Templates. 

4.  Laying  out  the  work. 
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5.  Shearing. 

6.  Straightening. 

7.  Punching. 

8.  Assembling. 

9.  Reaming. 

10.  Riveting. 

11.  Milling. 

12.  Annealing. 

13.  Boring. 

14.  Forging,  if  any. 

15.  Casting,  if  any,  including  patterns,  foundry  work,  and  machining. 

16.  Painting. 

17.  Loading. 

18.  Freight  to  site. 

19.  General  expense. 

The  "General  Expense"  should  include  the  following  items: 

1.  Correspondence. 

2.  Accounting. 

3.  Estimating. 

4.  Designing. 

5.  Office  rental. 

6.  Light. 

7.  Heat. 

8.  Power. 

9.  Repairs  to  machinery. 

10.  Renewals  of  machinery. 

11.  Insurance. 

12.  Taxes. 

13.  Rent. 

14.  Interest  on  money  invested. 

15.  Contracting. 

16.  Traveling. 

17.  Office  supplies. 

18.  Unassignable  labor  (such  as  yard  labor). 

19.  Errors  and  defects. 

20.  Superintendence. 

Each  manufacturing  company  has  a  way  of  its  own  for  figuring  the 
general  expense,  consequently  in  deaUng  with  this  matter  the  author  will 
proceed  no  farther,  for  he  deems  that  in  offering  the  preceding  list  he 
has  penetrated  far  enough  into  the  private  affairs  of  the  manufacturer  of 
bridge  metal. 

The  engineer  of  the  superstructure  erector  in  estimating  the  probable 
cost  of  his  worlc  will  need  to  include  the  following  items: 

1.  All  other  materials  than  metal,  delivered  at  site. 

2.  Freight  on  equipment  both  ways. 
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3.  Transportation  of  men  both  ways. 

4.  Unloading  of  materials. 

5.  Falsework. 

6.  Maintenance  of  traffic. 

7.  Removal  of  old  structure. 

8.  Erecting. 

9.  Riveting. 

10.  Framing  and  placing  of  timber  floor. 

11.  Laying  of  track. 

12.  Building  of  base  for  pavement. 

13.  Paving. 

14.  Cleaning  and  painting  of  metalwork. 
16.  Removal  of  falsework. 

16.  Disposal  of  falsework. 

17.  Repairs  and  renewals  of  equipment. 

18.  Superintendence. 

19.  Contingencies. 

The  engineer  of  the  substructure  contractor,  preparatory  to  the  bidding, 
will  need  to  take  cognizance  of  the  following  items  in  making  estimates 
of  cost:* 

General  Expense 

1.  General  office  expense. 

2.  Traveling. 

3.  Interest. 

4.  Legal  expense,  local  taxes,  permits,  etc. 

5.  Emplo3'ers'  Liability  insurance 

6.  Transportation  of  men,  including  their  time  while  traveling. 

7.  Plant  rental. 

8.  Freight  on  plant— both  waj-s. 

9.  Unloading  and  installing  plant. 

10.  Dismantling  and  reloading  plant. 

11.  Maintenance  and  repairs  of  plant. 

12.  Tools  and  general  supplies. 

13.  Temporary-  buildings. 

14.  Superintendence  and  local  office  force. 

15.  IxH*al  office  ex|H^nses. 
lt>.  Camp  expenses. 

17.  Fuel  and  ^-ater. 

18.  lX)nations  and  charities. 


•  Tht'^^*  vlrttii  fv^r  ;4uh<truotvir\^  wore  fiin\L<ht\i  by  Lee  Treadwdl,  Esq.,  Member  of 
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g.  Lighting. 

h.  Coffer  dam  and  pumping. 
i.  Building  upper  shaft  of  pier. 
9.  Yard  force,  keeping  up  tracks,  shifting  plant  canying  tools,  water 
boys,  and  watchmen. 

« 

The  method  of  doing  the  work  and  that  of  being  paid  will  influence 
greatly  a  contractor's  estimated  cost  of  any  construction.  If  he  be  allowed 
^  free  hand  as  to  where  to  begin  and  how  to  carry  on  the  different  parts 
of  the  work,  he  will  naturally  figure  lower  than  when  he  anticipates  inter- 
ference in  such  matters.  If  the  pay  is  to  be  regular,  in  cash,  and  as  full 
as  is  customary,  he  will  estimate  lower  than  when  he  fears  insular  pay- 
ments, or  when  he  has  to  take  securities  instead  of  cash,  or  when  the 
percentage  retained  till  completion  is  excessive. 

If  the  work  to  be  done  is  for  the  Government,  the  contractor  will  have 
to  add  some  fifteen  or  twenty  per  cent  to  his  estimates  to  allow  for  red  tape, 
guaranteeing  of  the  correctness  of  the  data  submitted,  slow  payments, 
unnecessarily  severe  inspection,  and  the  general  demoralization  of  his 
force  by  disheartening  hindrances.  Nor  is  the  Government  the  only 
sinner  of  this  kind;  for  sometimes  railroad  engineers,  and  once  in  a  great 
while  a  consulting  engineer,  will  make  life  a  burden  to  the  contractor  by 
unnecessarily  severe  and  irresponsible  inspection;  consequently  the  task 
of  the  contractor's  engineer  in  estimating  the  probable  cost  of  work  is  by 
no  means  an  easy  one.  Again,  he  cannot  help  being  influenced  by  the 
amount  of  competition  that  is  anticipated,  although  he  should  do  his 
best  to  banish  this  thought  from  his  mind  before  starting  to  prepare  his 
estimate. 

There  is  another  kind  of  estimate  that  properly  belongs  elsewhere, 
viz.,  the  monthly  estimates  prepared  by  resident  engineers  on  construc- 
tion. It  will  be  considered  in  Chapter  LXI,  which  treats  of  the  "Engineer- 
ing of  Construction";  but  it  will  be  proper  to  make  here  a  few  remarks 
as  to  how  the  resident  engineer  should  be  governed  in  arranging  for  partial 
payments  to  the  contractor  as  the  work  progresses,  for  this  matter  is  often 
left  entirely  in  his  hands.  In  figuring  the  value  of  the  work  done  and  the 
materials  furnished,  the  exact  net  cost  to  the  contractor  should  not  be 
adopted,  but  a  fair  allowance  should  be  made  for  his  general  expenses  and 
his  profit;  because  before  he  is  paid  there  is  always  a  reduction  of  ten  or 
fifteen  per  cent  made  from  the  amounts  of  the  monthly  estimates,  which 
difiference  is  retained  until  the  completion  of  the  entire  work.  If  a  good 
and  sufficient  bond  for  the  proper  completion  of  the  contract  has  been 
provided,  as  it  always  should  be,  there  is  no  risk  in  allowing  the  contractor 
fairly  full  payments  on  accoimt  as  the  work  proceeds.  Liberal  treatment 
of  this  kind  will  keep  all  concerned  in  good  humor  and  will  lubricate  the 
wheels  of  progress. 

In  conclusion  the  author  offers  this  suggestion  to  all  engineers  in 
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CHAPTER  LVin 


OFFICB  PRACTICE 


Nearly  two  decades  ago,  when  preparing  the  manuscript  of  the  last 
chapter  of  De  Pantibu^,  the  author  wrote  thus: 

''As  there  has  been  ahnost  nothing  yet  written  concerning  the  way  in  which  work 
is  handled  in  a  consulting  engineer's  office,  the  author  has  concluded  to  close  this 
little  treatise  with  a  chapter  on  'Office  Practice';  and  as  no  two  engineers  pursue  exactly 
the  same  methods,  and  as  the  author  is  naturally  more  familiar  with  his  own  than  with 
those  of  others,  he  will  deal  herein  solely  with  the  established  practice  of  his  own  office, 
which  practice  is  the  outcome  of  over  ten  years  of  special  effort  to  secure  the  best  possible 
results  both  expeditiously  and  economically." 

The  chapter  referred  to  covered  the  author's  personal  experience  as  a 
bridge  specialist  up  to  1897;  but  between  that  date  and  July,  1915,  he 
has  been  the  senior  partner  of  two  consulting  bridge  engineering  firms; 
and  the  amount  of  professional  work  done  has  increased  greatly,  with  the 
consequence  that  the  methods  of  handling  office  affairs  have  had  to  be 
modified  materially.  In  the  old  days  it  was  the  author's  policy  to  be  on 
terms  of  intimacy  with  all  of  his  employees  and  to  direct  personally  each 
one's  work,  looking  himself  to  every  important  detail  so  as  to  ensure  the 
correctness  of  everything  going  out  of  the  office.  But  after  the  establish- 
ment of  the  first  of  the  two  firms  referred  to,  the  amount  of  business  under- 
taken reached  such  dimensions  that  a  division  of  responsibility  became 
necessary;  and  gradually  the  handling  of  the  drafting  office  was  entrusted 
to  others  so  as  to  leave  the  author  free  to  attend  to  the  business  of  the 
firm,  the  traveling,  the  general  studies  of  crossings  and  layouts,  the  prepara- 
tion of  specifications,  the  general  supervision  of  the  progress  of  construc- 
tion, and  the  making  of  periodical  visits  to  the  fieldwork.  As  time  passed 
and  as  the  amount  of  work  undertaken  continued  to  increase,  it  became 
necessary  for  him  to  share  some  of  these  duties  also  with  his  partner  and 
the  firm's  principal  assistant  engineers;  and  the  redi vision  of  duties  and 
personal  responsibilities  continued  steadily  until  of  late  years  the  author's 
attention  has  been  devoted  mainly  to  the  higher  portions  of  the  work, 
including  the  dealing  with  governments  both  at  home  and  abroad,  the 
making  of  important  technical  investigations  of  a  general  nature,  the 
preparation  of  forms  and  instructions  for  writing  specifications  and  con- 
tracts and  for  doing  other  work  in  both  office  and  field,  and  attending  to  a 
share  of  the  necessary  traveling.  On  this  account  many  of  the  changes 
in  details  of  the  office  practice  have  been  evolved  by  his  partner  and  the 
firm's  employees;  and  they  are  recorded  in  the  discussion  which  follows: 
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support.  The  determination  of  these  economic  conditions  is,  of  course, 
a  matter  of  cut-and-try;  but  after  a  few  trials  the  economic  span  len^h 
can  be  approximated  very  closely.  In  making  such  calculations  the  trial 
weights  of  trusses  and  laterals  can  be  found  from  Chapter  LV.  The 
economic  span  lengths  for  reinforced  concrete  bridges,  which  are  generally 
more  difficult  to  determine  than  those  in  steel  structures,  are  discussed  in 
Chapter  LIII;  and  diagrams  giving  quantities  are  to  be  found  in  Chapter 
LVI.  In  reinforced-concrete  arch  bridges  the  span  lengths,  when  not 
determined  by  physical  conditions,  should  be  settled  by  general  economic 
principles,  including  the  balancing  of  thrusts  so  as  to  reduce  to  a  minimum 
the  eccentricities  of  loading  on  the  foundations. 

The  method  of  determining  the  layout  is  discussed  very  fully  in  Chaj>- 
ter  LIV;  and  the  determination  of  the  waterway,  in  Chapter  XLIX. 

Fourth,  General  Layout  of  Structure. — ^The  general  layout  should  consist 
of  a  profile,  a  plan,  and  enough  cross-sections  to  illustrate  properly  the 
entire  substructure,  superstructure,  and  approaches,  all  being  made  to 
exact  scale.  For  long  crossings,  a  scale  of  one-fortieth  of  an  inch  to  the 
foot  is  the  most  satisfactory,  but  for  short  crossings  the  scale  should  be 
made  larger.  The  proportioning  of  the  skeleton  of  the  trusses  should  be 
done  in  accordance  with  the  suggestions  given  in  several  of  the  preceding 
chapters,  and  the  dimensions  of  the  piers  should  be  determined  by  the 
principles  established  in  Chapter  XLIII. 

Each  general  layout  should  give  the  following  information: 

Borings,  low  water,  standard  high  water,  extreme  high  water,  lowest 
part  of  structure,  grade-lines,  and  tops  of  piers;  lengths  of  all  spurns  be- 
tween centres  of  end-pins  or  centres  of  bearings;  distances  between 
centres  of  piers;  clear  openings  for  movable  spans;  vertical  clearance 
above  extreme  high  water  for  lift  spans;  and  lengths  and  kinds  of 
approaches. 

As  soon  as  the  general  layout  is  completed  and  finally  adopted,  the 
computations  of  stresses  and  sizes  of  members  of  spans  may  be  begun. 

For  elevated  railroads  it  is  necessary  to  determine  the  following: 

A.  The  number  of  tracks  on  the  various  portions  of  the  line,  and 
the  clearances  over  streets  and  alleys. 

B.  The  live  load  per  track  to  be  carried  by  the  structure. 

C.  The  location  of  the  line,  whether  in  the  streets  or  on  private 
property. 

D.  The  style  or  styles  of  girder  construction.  In  some  locations  the 
city  ordinances  may  require  open-webbed  girders,  as  these  shut  out  less 
light  than  do  solid-plate  girders,  while  in  other  locations  the  plate  girders 
would  be  permissible. 

E.  The  location  of  columns,  whether  in  the  street  or  on  the  curbs, 
also,  for  location  on  private  property,  the  number  of  columns  per  bent. 

F.  The  economic  span  length.  As  indicated  in  Chapter  LIII,  the 
greatest  economy  will  exist  when  the  cost  of  the  longitudinal  girders  is 
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equal  to  the  cost  of  the  cross-girders,  columns,  and  pedestals.  Where  the 
columns  are  located  in  the  street  or  on  the  curbs,  due  consideration  must 
be  given  to  the  probable  cost  of  removing  underground  obstructions,  such 
as  water-pipes,  gas-mains,  etc. 

G.  Where  a  structure  is  on  a  sharp  curve  it  is  sometimes  advisable 
to  make  the  bents  radial;  but,  whenever  practicable,  it  is  best  to  make 
the  towers  perfectly  rectangular  and  to  throw  the  skew  entirely  into 
the  intermediate  span,  so  as  to  simplify  and  cheapen  the  shopwork.  The 
exact  location  of  each  column  should  be  figured  from  certain  known  lines, 
and  all  ordinates  for  the  same  should  be  indicated  on  the  layout. 

Much  careful  study  should  be  given  to  the  work  of  establishing  each 
feature  of  the  layout;  for,  if  mistakes  be  made  therein,  they  ar6  likely 
to  cause  great  delay  and  expense  later  on.  With  these  points  all  settled, 
the  calculations  for  proportioning  all  parts  of  the  structure  may  be  pro- 
ceeded with. 

Cakulaiians 

After  the  leading  features  of  any  proposed  structure  have  been 
settled,  and  after  the  general  layout  thereof  is  completed,  the  next  step 
to  take  is  the  making  of  the  calculations  necessary  to  determine  the 
stresses  in  all  the  parts  and  the  proper  sizes  for  same.  For  convenience 
in  making  to  correct  scale  pen-sketches  of  the  various  portions  of  the 
design,  the  author  uses  a  cross-section  paper  divided  into  one-quarter- 
inch  squares,  the  sheets  being  ten  and  a  half  inches  wide  by  sixteen  inches 
long,  which  size  experience  has  shown  to  be  the  most  satisfactory.  At 
the  bead  of  each  page  are  written  the  date,  title  of  structure,  and  name 
of  computer.    This  form  is  shown  in  Fig.  58a. 

Elach  set  of  calculations  is  started  by  filling  out  all  the  blanks  on  a 
data-sheet  of  the  same  size  as  the  calculation  sheets,  but  not  ruled  into 
squares.    This  data-sheet  is  illustrated  in  Fig.  586. 

Before  figuring  each  truss  span  there  should  be  recorded  for  it  the 
following: 

First.    Length. . 

Second.    Number  of  panels. 

Third.    The  various  truss  depths. 

Fourth.    Perpendicular  distance  between  central  planes  of  trusses. 

Fifth.    Spacing  of  stringers. 

The  dead  load  from  the  track  and  ties  in  railroad  bridges,  or  from  the 
timber  floor  or  pavement  in  highway  bridges,  is  first  determined,  using 
the  unit  weights  of  materials  given  in  Chapter  V;  then  the  stringers  or 
longitudinal  girders  are  figured  and  proportioned,  after  which  their  weights 
and  that  of  their  bracing  are  computed. 

Next  the  floor-beams  or  cross-girders  are  proportioned,  and  their 
weights  are  figured.  From  all  these  weights  the  weight  per  lineal  foot 
of  the  metal  in  the  floor  system  is  next  found. 
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1376  BRIDGE  ENGINEERING  Chapter  L.VIII 

As  the  lateral  S3rstem  can  nearly  always  be  designed  before  the  trusses, 
it  is  generally  best  to  compute  the  weight  per  lineal  foot  of  the  entire 
lateral  system  before  the  trusses  are  touched,  because  the  dead  load  for 
the  latter  will  be  affected  by  the  weight  of  the  former. 

Next  it  is  necessary  to  assume  the  weight  of  metal  per  lineal  foot  for 
the  trusses.  This  completes  the  data  for  the  preliminary  dead  load,  which 
wiU  consist  of  the  followmg  items: 

First.    Flooring  (timber,  track,  pavement,  etc.). 

Second.    Floor  system  (stringers,  stringer-bracing,  and  floor-beams). 

Third.  Lateral  S3rstem  (upper  and  lower  lateral  systems,  vertical 
sway-bracing,  and  portal-bracing). 

Fourth.    Trusses. 

In  making  up  the  dead  load,  the  end  floor-beams  and  pedestals  must  Dot 
be  included,  as  then*  weight  produces  no  bending  moment  on  the  span. 

The  dead-load  stresses  in  trusses  are  always  found  analytically  for 
spans  with  parallel  chords  and  equal  panel-lengths;  but  for  other  cases 
they  are  usually  determined  graphically,  and  are  checked  by  a  single 
numerical  calculation  at  the  member  where  the  graphics  stop,  as  explained 
in  Chapter  X.    They  are  recorded  on  a  skeleton  diagram  of  the  truss. 

The  live-load  stresses  are  found  by  the  method  explained  in  Chapter 
X,  and  are  recorded  on  a  separate  skeleton  truss  diagram.  Whenever  it 
is  practicable,  in  making  arithmetical  computations,  the  slide-rule  is  em- 
ployed. For  ordinary  work,  in  which  the  total  stresses  can  be  written 
with  six  figures,  a  ten-inch  slide-rule  will  ^ve  the  stresses  accurately 
in  thousands  of  pounds;  but  where  the  stresses  are  greater,  Thacher's 
cylindrical  slide-rule  can  be  employed,  although  the  ten-inch  slide-rule 
is  generally  sufliciently  accurate. 

The  computation  of  all  stresses  found  analytically  is  facilitated  by 
determining  the  trigonometrical  functions  involved  in  the  calculations, 
and  multiplying  the  panel  loads  by  them.  By  setting  these  products  on 
the  slide-rule  and  using  the  proper  tabulated  coeflScients — given  in  Tables 
106  to  lOi  inclusive — ^it  is  often  practicable  to  read  off  a  large  series  of 
stresses  without  resetting  the  slide. 

The  impact  stresses  are  found  from  the  live-load  stresses  by  slide- 
rule,  using  the  diagrams  given  in  Figs.  7c,  7d,  and  7e,  and  are  written, 
preferably,  upon  a  separate  skeleton  truss  diagram;  although  some  com- 
puters prefer  to  record  them  on  the  Uve-load  skeleton  diagram,  each  im- 
pact stress  being  placed  directly  beneath  the  live-load  stress  to  which  it 
corresponds. 

Next  are  computed  all  the  wind-stresses  which  could  possibly  affect 
the  sizes  of  the  sections  of  main-truss  members,  and  these  are  recorded 
either  on  a  separate  diagram  or  on  one  of  those  already  prepared,  in  the 
latter  case  care  being  taken  to  indicate  that  each  such  stress  is  marked 
as  a  wind-load  stress. 

Next  the  various  combinations  of  all  stresses  are  made  and  recorded 
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on  a  new  diagram,  aft^r  which  the  required  sectional  areas  ot  all  main 
members  are  figured  according  to  the  specifications,  and  are  written  on 
the  same  diagram;  then  the  actual  sections  are  propcntioned  and  recorded 
thoealso. 

In  order  to  prevent  waste  of  time  by  carrying  calculations  to  an  un- 
nece^ary  degree  of  refinement,  and  so  as  to  conform  to  established  con- 
ceptions of  fitness  and  proportion,  the  instructions  given  in  Table  58a 
have  been  prepared  for  the  use  of  the  author's  assistant  engineers. 

TABLE  58a 
Accuracy  of  Calculations 

Iq  all  calculations  figures  are  to  be  given  to  the  nearest  unit  noted  in  the  following  table: 

1.  Effective  span 0.1    ft. 

2.  Effective  depth 0.05  ft.  cht  0.5  in. 

3.  Heij^t  to  lift. 1.0    ft. 

4.  Loads 

a.  Per  square  foot 1        lb. 

b.  Per  lineal  foot 10     lbs. 

c.  Concentrated 100    lbs. 

d.  Load  to  lift 1000  lbs. 

5.  Shears 1000  lbs. 

6.  Stresses 1000  lbs. 

7.  Moments. 

a.  Stringers,  floor-beams,  etc 100  ft.  lbs.  or  1000  in.  lbs. 

b.  Main  girders 1000  ft.  lbs. 

8.  Live-load  impact 0.5% 

9.  Ratio  I  -hr 1  unit 

10.  Unit  stresses 10  lbs. 

Next  the  weight  of  metal  in  the  trusses  is  esthnated.  For  ordmary 
spans,  the  weights  of  details  are  taken  from  Figs.  55/  and  55w;  but  if  the 
structure  be  of  an  unusual  type  or  size,  the  details  are  sketched  and  their 
weights  are  computed. 

Next  the  total  weight  of  metal  in  the  structure  is  figured,  and  the 
dead  load  is  checked.  If  it  does  not  agree  with  that  assumed  within  the 
limit  of  error  set  in  the  specifications,  a  new  dead  load  is  assumed,  and 
the  entire  computations  of  total  stresses,  sections,  and  truss  weights  are 
made  anew.  It  is  very  seldom,  however,  that  it  is  necessary  to  make 
these  calculations  more  than  once,  owing  to  the  great  mass  of  accumu- 
lated data  concerning  weights  of  metal  in  all  kinds  of  bridges,  as  recorded 
in  Chapter  LV. 

The  exact  lengths  of  all  members,  including  camber  allowances,  are 
then  figured  and  recorded  on  the  last-mentioned  diagram,  preferably  in 
bhieink. 

In  determining  stresses  graphically,  the  frame  diagram  should  be  laid 
out  on  as  large  a  scale  as  is  convenient,  and  the  load  diagram  should  be 
made  as  small  as  practicable;  for  the  large  frame  gives  great  accuracy 
in  mclinations  of  members,  which  is  the  all-important  point  in  graphical 
computations,  and  the  small  load-diagram  confines  the  graphics  to  a  rea- 
sonable space.     If  the  inclinations  are  correct,  accurate  results  will  be 
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eace,  a  aze  of  twenty-nine  inches  in  width  and  thirty-eight  inches  in 
length  has  been  adopted  as  best  suited  for  bridge  plans.  This  size  may 
be  used  for  all  detail  drawings  and  stress-diagrams,  but  it  is  often  neces- 
sary to  increase  the  length  for  profiles  and  general  drawings.  The  draw- 
ing is  always  made  on  the  rough  side  of  the  tracing-cloth,  as  it  is  often 
convenient  to  do  a  considerable  amoimt  of  drawing  and  writing  in  pencil 
on  the  sheet.  Another  reason  for  using  the  rough  side  is  that  any  era- 
sure shows  less  thereon  than  it  would  on  the  smooth  sid^,  and  it  is  often 
necessary  to  do  considerable  erasing  on  tracings.  As  before  stated,  the 
first  drawings  to  be  made  are  the  general  profile  and  plan,  with  cross- 
sections,  in  order  to  establish  all  the  main  dimensions  of  the  structure. 
These  drawings  can  be  prepared  before  the  computations  are  finished. 
Next  come  the  stress-diagrams,  which  should  contain  for  steel  structures 
the  cambered  lengths  of  all  members;  the  dead  load,  live  load,  impact, 
and  wind-load  stresses,  and  the  greatest  combinations  of  same;  the  sec- 
tions required  and  those  used  for  each  main  member;  and  the  following 
general  data: 

1.  Length  of  span  from  centre  to  centre  of  end-pins. 

2.  Number  and  length  of  panels. 

3.  Perpendicular  distance  between  central  planes  of  trusses. 

4.  Depths  of  trusses. 

5.  Dead  load  for  floor  system  per  lineal  foot  of  span 

6.  Dead  load  for  trusses  per  lineal  foot  of  span. 

7.  Live  load  for  stringers  per  lineal  foot  of  span. 

8.  Live  load  for  floor-beams  per  lineal  foot  of  span. 

9.  Live  load  for  trusses  per  lineal  foot  of  span. 

10.  Wind  load  on  upper  lateral  system  per  lineal  foot  of  span. 

11.  Wind  load  on  lower  lateral  system  per  lineal  foot  of  span. 

12.  Clearance  required  above  base  of  rail  or  floor. 

13.  Specifications. 

14.  Kinds  of  materials  to  be  employed  in  all  parts  of  structure. 

15.  Diameters  of  rivets  to  be  used. 

The  stress-diagram  proper  may  be  simply  a  line-drawing,  each  main 
manber  being  represented  by  a  single  right  line,  or  all  the  main  members 
may  be  drawn  to  scale  by  means  of  their  periphery-lines.  The  latter 
method  is  generally  adopted  because  of  the  improved  appearance  of  the 
sheet  which  it  affords.  The  scale  for  any  stress-diagram  should  be  large 
enough  to  give  plenty  of  room  between  panel  points  to  contain  all  the 
necessary  writing. 

After  the  stress-diagrams  are  completed,  the  detail  drawings  are  begun. 
There  is  considerable  difference  in  the  methods  employed  by  consulting 
oigineers  to  convey  to  manufacturers  an  understanding  of  the  design 
which  they  desire  to  have  executed  in  the  shops.  Some  insist  that  the 
only  proper  method  for  the  engineer  to  piu^ue,  if  he  desires  his  details 
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interfere  with  the  lines  of  the  drawing.  A  set  of  general  notes  should 
be  given  on  each  sheet  of  details,  specifying  the  kinds  of  material,  the 
siz^  of  rivets,  the  diameters  of  rivet-holes  before  and  after  reaming,  the 
manner  in  which  all  plates  are  to  be  finished,  etc.  After  each  sheet  is 
penciled,  it  should  be  checked  carefully  to  see  that  there  are  no  errors 
thereon;  then,  after  the  tracing  is  finished,  it  must  be  checked  in  detail — 
if  possible  by  some  one  who  was  not  concerned  in  its  preparation.  The 
checking,  as  a  rule,  must  not  be  done  on  the  tracing  but  on  a  blue  print 
made  therefrom.  This  prevents  the  tracing  from  being  injured  by  hand- 
ling, marking,  and  erasing.  It  also  enables  the  checker  to  tell  more 
certainly  when  all  corrections  have  been  made,  and  gives  a  permanent 
record  of  all  changes.  These  prints  should  be  plainly  stamped  or  marked 
"Checking  Prints."  They  can  be  destroyed  as  soon  as  it  is  thought 
advisable  to  do  so. 

As  indicated  at  the  outset,  the  preceding  notes  apply  essentially  to 
steel  *bridges  and  trestles;  but  in  general  they  will  serve  also  in  relation 
to  reinforced  concrete  structures.  All  dimensions  of  the  concrete  must 
be  clearly  shown,  and  the  sizes  and  arrangement  of  all  reinforcing  bars 
must  be  properly  indicated.  It  will  frequently  be  advisable  to  make  one 
drawing  showing  concrete  details  only,  and  another  one  for  the  reinforce- 
ment. A  scale  of  one-quarter  or  three-eighths  of  an  inch  to  the  foot  will  usu- 
ally be  found  satisfactory;  but  for  complicated  details,  such  as  those 
at  expansion  joints,  it  will  often  be  best  to  adopt  a  larger  scale.  The 
general  notes  on  each  sheet  should  cover  such  points  as  the  permissible 
edge  distance  and  spacing  of  bars,  the  amount  of  lap  required  at  splices, 
the  minimum  radius  of  bend  allowed  for  bars  under  stress,  and  the  di- 
mensions of  hooks  on  the  ends  of  bars.  The  locations  of  construction 
joints  should  be  indicated  on  the  drawing,  or  else  should  be  covered  by 
the  general  notes. 

Checking  Drawings 

The  following  standard  instructions  of  the  author  to  his  office- 
assistants  concemmg  the  checkmg  of  drawings  wiU  mdicate  what  such 
checking  should  accomplish  and  the  essential  thoroughness  thereof. 

« 

General  Detail  Drawings 

First,  Go  over  all  drawings  for  the  Entire  design  and  see  that  every 
detail  of  the  structure  is  shown  in  a  sufficient  nimiber  of  views  to  make 
clear  to  the  manufacturers  exactly  what  is  intended  by  the  designer. 

Second.  See  that  every  detail  has  been  dimensioned  so  that  it  can 
be  readily  laid  out  on  the  working  drawings.  See  also  that  all  sections 
of  connection  angles,  fillers,  etc.,  are  iildicated. 

Third.  See  that  proper  descriptive  notes  are  given  wherever  neces- 
sary to  make  clear  the  reasons  for  any  special  details. 
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Thirteenth,  Compare  drawings  which  show  the  same  details,  so  as 
to  make  sure  that  uU  are  alike. 

Fourteenth,  See  that  the  same  style  of  detailing  has  been  followed 
on  all  drawings.  Where  several  draftsmen  are  employed  on  the  same 
piece  of  work,  there  is  Uable  to  be  quite  a  diversity  of  details,  illustrating 
the  individuaUties  of  the  various  draftsmen  making  them. 

Fifteenth.  When  a  change  is  made  in  any  part  of  a  drawing,  see 
that  the  said  change  is  carried  through  all  the  sheets  which  are  affected 
thereby. 

Sixteenth,  See  that  when  any  drawing  or  portion  thereof  is  aban- 
doned it  is  so  indicated  clearly  throughout  all  the  drawings. 

Seventeenth,  Wherever  timber-bolts  are  to  be  used,  see  that  they  are 
plainly  indicated,  that  their  sizes  and  lengths  are  given,  and  that  washers 
are  provided  beneath  all  heads  where  the  bearing  is  on  the  wood. 

Eighteenth,  See  that  all  screw-ends  of  rods  are  upset,  unless  they  are 
to  have  cold-pressed  threads.  See  that  all  diagonal  rods  are  provided 
with  proper  adjustments,  and  that  all  clevis-pins  and  plates  are  of  proper 
strength.  See  that  no  pins  of  less  diameter  than  allowed  in  the  speci- 
fications are  used,  and  that  they  are  set  at  least  one  and  one-half  diameters 
from  edge  of  plate. 

Nineteenth,  In  reinforced  concrete  structures,  see  that  all  dimensions 
of  the  concrete  are  clearly  shown,  that  the  nimiber  and  the  arrangement 
of  all  reinforcing  bars  are  properly  indicated,  that  the  locations  of  con- 
struction joints  are  specified,  and  that  at  no  point  have  unduly  thin 
sections  been  used. 

Twentieth,  See  that  each  sheet  is  provided  with  general  notes  as 
follows: 

Steel  Structures, 

A.  Kinds  of  material  to  be  used  throughout  the  structure. 

B.  Diameters  for  rivets. 

C.  Sizes  of  rivet-holes  before  and  after  reaming. 

D.  Manner  in  which  the  edges  of  all  web-plates  are  to  be  finished. 

E.  What  ends  are  to  be  faced  and  what  are  not. 
Reinforced  Concrete  Structures, 

F.  Permissible  edge  distances  and  spacing  of  bars. 

G.  Amount  of  lap  of  bars  at  splices. 

H.    Minimum  radius  of  bend  allowed  for  bars  subject  to  stress. 
I.    Dimensions  of  hooks  on  ends  of  bars. 
Twervty-first,    See  that  all  notes  are  written  in  good  Ekiglish,  that  all 
words  are  spelled  correctly,  and  that  they  express  exactly  what  is  intended. 
Tv^enty-second,    See  that  each  drawing  is  provided  with  proper  titles, 
that  it  is  niunbered  correctly,  that  the  scale  or  scales  are  indicated,  and 
that  the  name  of  the  draftsman  and  date  of  completion  of  drawing  are 
given. 

TwerUy4hird.    See  that  the  drawings  scale,  and,  if  they  do  not,  make 
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Filing  Drawings,  Calculations,  Specifications,  etc. 

In  the  course  of  a  few  years'  practice  the  office  records  of  a  consulting 
engineer  grow  to  such  proportions  that,  unless  some  systematic  method 
of  filing  and  indexing  them  be  adopted,  it  is  impossible  to  refer  thereto 
without  a  great  deal  of  delay  and  annoyance.  The  filing  of  calculations 
and  specifications  is  a  comparatively  easy  matter,  but  to  keep  an  accu- 
mulating lot  of  drawings  in  good  shape  for  ready  reference  is  by  no  means 
such.  During  the  time  that  the  author  has  been  engaged  in  active  prac- 
tice several  methods  have  been  employed  for  filing  tracings.  One  great 
difficulty  with  the  earlier  drawings  was  that  they  were  of  varying  di- 
mensions, some  as  large  as  forty-two  inches  by  ninety-six  inches,  and 
others  belonging  to  the  same  set  as  small  as  eighteen  inches  square.  At 
first  large  cases  of  drawers  were  used  for  laying  out  the  tracings  flat, 
each  tracing  being  stamped  with  numbers  designating  the  lot  and  d^tiwer 
to  which  it  belonged,  and  an  index  being  kept  of  all  drawings,  recording 
the  numbers  of  the  lot  and  drawer.  The  objections  to  this  method  were 
that  the  smaller  drawings  got  lost  among  the  larger  ones,  thus  often 
necessitating  a  complete  overhauling  of  an  entire  drawer  to  find  a  tracing, 
and  it  was  impossible  to  keep  the  large  drawings  from  becoming  folded 
and  cracked  at  the  edges  and  comers.  Later  it  was  deemed  advisable 
to  bind  each  set  of  drawings  together  with  patent  fasteners  along  one 
end,  but  this  method  was  soon  abandoned,  owing  to  the  difficulty  en- 
countered in  getting  out  tracings  for  blue-printing  and  refeJence. 

The  method  of  laying  the  tracings  flat  in  drawers  was  abandoned  for 
a  while,  and  that  of  filing  them  in  cardboard  tubes  with  tightly  fitting 
covers  was  tried.  This  served  the  purpose  fairly  well,  but  it  had  its  de- 
fects, hence  it,  in  turn,  was  abandoned  for  the  one  now  in  use,  which  is 
as  follows: 

The  tracings  are  filed  in  flat  drawers  in  heavy  paper  envelopes  con- 
taining about  ten  tracings  each,  there  being  some  ten  or  twelve  envelopes 
to  a  drawer.  There  is  a  special  file  for  record  drawings,  and  there  is  an- 
other for  finally  approved  shop-drawings.  There  is  also  a  file  for  calcu- 
lations; and  all  periodicals  that  are  not  bound  permanently,  all  impor- 
tant catalogues,  all  specifications,  .and  all  other  materials  that  may  prove 
bi  use  in  the  future  are  filed  methodically.  All  files  are  thoroughly 
indexed  so  that  anything  wanted  can  be  found  very  quickly. 

The  specifications  and  calculations  are  kept  in  filing  cases  prepared 
especially  for  them.  These  cases  consist  of  a  series  of  small  shelves  about 
one  and  a  half  inches  apart,  each  shelf  being  numbered.  When  a  set  of 
calculations  is  complete,  the  sheets  are  all  bound  together  in  one  book 
with  removable  fastenings,  so  that  they  can  be  easily  separated  when  it 
is  necessary  to  distribute  them  among  several  draftsmen.  These  sets  are 
all  numbered  with  the  numbers  of  the  shelves  on  which  they  are  to  be 
filed. 
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head  responsible  only  to  the  Office  Manager,  there  was  a  common  interest 
in  the  office  as  a  whole  which  necessitated  a  close  relationship  between  the 
various  branches  in  order  to  carry  on  the  work  systematically  and  eco- 
nomically. The  members  of  the  firm  had  their  own  private  offices;  and 
while  in  the  office  they  were  in  daily  touch  with  all  of  the  departments 
giving  directions  and  suggestions  wheris  needed. 

The  General  Office  was  in  charge  of  a  secretary  or  chief-clerk,  under 
whom  worked  a  bookkeeper,  a  stenographer,  and  an  office  boy.  All  cor- 
respondence, drawings,  prints,  and  data  of  every  description  passed  through 
this  department,  whether  they  were  coming  into  or  going  out  of  the  office. 
The  secretary  opened  all  correspondence  and  referred  it  to  the  persons 
concerned.  All  letters  containing  information  regarding  the  work  in  the 
Designing  or  Drafting  Departments  were  copied;  and  the  copies  were 
sent  to  the  heads  of  these,  as  originals  were  not  permitted  to  be  taken 
out  of  the  General  Office,  except  in  very  urgent  cases  when  it  was  not 
considered  advisable  to  wait  for  the  copy  to  be  made.     These  copies 

were  stamped,  "For  Attention  of  Mr.  "  or  "For  Information  of 

Mr.  ."  In  the  former  case  the  recipient  of  the  copy  was  ex- 
pected to  follow  up  the  correspondence  and  answer  it;  whereas,  in  the 
latter  case,  he  was  expected  to  use  the  information  given  and  file  the 
copy  for  reference,  nothing  further  than  this  being  necessary. 

The  originals  were  always  stamped  the  same  as  the  copies;  and  all 
letters  were  stamped  with  the  date  and  hour  when  received  and  when 
copied.  If  the  copies  were  not  sent  out  immediately,  the  recipient  usu- 
ally noted  the  fact  thereon,  adding  the  date  and  hour  when  they  reached 
his  hands.  The  original  of  all  letters  of  interest  to  either  member  of 
the  firm  were  referred  to  him  directly.  Where  the  "attention"  note  ap- 
peared, he  either  asked  the  recipient  of  the  copy  to  refer  the  matter  to 
him  before  framing  the  answer  (if  he  was  particularly  interested  in  it), 
or  laid  the  letter  aside  until  the  answer  was  placed  on  his  desk.  All 
letters  by  the  heads  of  the  departments  generally  passed  through  the 
hands  of  the  Office  Manager  and  were  sent  by  him  to  the  General  Office 
for  mailing.  All  original  letters  received  were  filed  by  the  General  Office, 
the  copies  being  kept  in  the  files  of  the  department  heads.  Copies  of 
all  correspondence  by  the  various  men  in  charge  were  filed  both  in  their 
own  files  and  in  the  General  Office.  No  one,  except  the  heads  of  the 
departments,  was  allowed  in  the  General  Office,  unless  on  special  busi- 
ness. Prints,  drawings,  and  other  data  were  handled  in  the  same  way 
as  the  correspondence;  except  that  after  being  stamped  as  to  date  and 
hour  received,  they  were  passed  out  directly  to  the  proper  department. 

The  stenographic  work  for  the  entire  office  was  handled  by  the  one 
stenographer,  who  was  assisted  occasionally  by  help  from  outside,  when 
there  was  a  great  rush  of  copying  to  be  done.  By  means  of  a  buzzer 
system  she  was  notified  when  wanted. 

The  Office  Boy  attended  to  all  of  the  filing  in  the  General  Office  and 


'■  ■  m-f^. 


i.^hV!t:mi^^l 


?:rT'?1%i 


•i?^ 


■*';v^,; 


^•=^1 


UDU^ 


iif  f^mimiittr  of  tliB  flftUp  cir^  ioi 
$b0  tiio  prineipal 
fliul  ialaitok    AS 
all^  fcijr  tha*  depurfaneat. 

rv  Nc^iSiBtmetkm  was  made  betwaea  pfopoifl^ 
atthiMiii^  m  eveiy  other  way  tf^tia  tinik 

iKmnrted  of  the  Chief  Desigiier  .witii  mnA^, 
#t  4ifferail  timeB.  As  a  ruki  the  Qiief  I>K 
himsetf  boUi  tor  pielminaiy  eetimaiai  cH 
iiSie  ftnl  wnatnicticm.  When  unable  to  turn 
Hp^.  he  eeeuied  bom  the  Drafting  Departaneo^ 
to  eaaiplete  the  wwk.  He  likewise  obtained 
tor  ebeekmg  the  calculations  or  for  pten 
Minme  nnder  his  supervisioiL  Tliese  consisted 
9Um  SheetSi  and  any  other  drawings  affectfng^ 
ehecting  of  erection  schemes,  sent  in  by  1|ie 
iai  the  aasiitiilation  of  other  data  of  a  nature 
aMeis  handled  by  this  department.  When  mea 
|p>tal»  care  of  such  work,  they  were  entird^y 
^^%t.  ideased  them.  Tlie  Chief  Draftsman  was 
psa  completed  tiieir  work  in  the  Designing 
time  of  such  completion  was  pven 
Mi^eo«dd  have  work  ready  for  them  on  their 


» •». 


a: 


■"^^^^tm 


K%jn 


da09m  vsp  on  the  special  form  shown  in  fig. 

|M|iiir  was  used  so  that  prints  could  be  made. 

Jdne  lines  in  one-quarter-inch  squares,  every 
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ing,  and  trusses  or  girders.  These  were  followed  by  special  calculations, 
such  as  those  for  counterweights,  towers,  machinery,  etc.  The  sequence 
naturally  was  arranged  to  suit  the  particular  t3rpe  of  structure  being  de- 
signed. This  remark  refers  especially  to  the  superstructure.  In  the  sub- 
structure no  such  condition  exists.  The  substructure  calculations  were 
made  either  first  or  last,  depending  on  the  demands  for  getting  out  the 
plans  for  it.  Where  a  separate  contract  was  let  for  the  substructure  prior 
to  the  letting  of  the  superstructure,  the  former  course  was  necessary. 
From  the  weight  curves  in  the  office  the  superimposed  loads  were  readily 
figured  and  the  design  made.  When  the  superstructure  calculations  were 
completed  these  loads  were  checked  by  the  actual  loads. 

For  proposed  jobs  and  small  constructions  the  calculations  were  worked 
up  in  a  single  section.  However,  on  large  jobs  it  was  found  advisable 
to  break  up  any  one  set  of  calculations  into  nmnerous  sections  for  ease 
in  handling  and  convenience  in  getting  out  the  work.  These  sections 
were  arranged  to  accord  with  natural  divisions  in  the  structure,  such  as 
substructure,  truss  spans,  plate-girder  spans,  trestle  approaches,  coimter- 
weights,  towers,  machinery,  etc.,  and  they  were  lettered  A,  B,  C,  etc.  A 
title  sheet,  drawn  out  on  the  regular  calculation  paper  and  giving  the 
name  of  the  bridge  and  the  letter  and  title  of  each  division,  was  bound  in 
with  it  at  the  front.  As  these  divisions  were  checked,  they  were  turned 
over  to  the  Chief  Draftsman  for  the  preparation  of  the  drawings.  They 
were  filed,  as  explained  later,  after  the  detail  drawings  were  completed. 
After  the  calculations  were  once  checked,  no  notes  of  any  kind  (either 
in  pencil  or  in  ink)  were  permitted  to  be  made  on  them.  Whenever  re- 
visions were  considered  advisable,  they  were  first  brought  to  the  attention 
of  the  Chief  Designer.  At  a  convenient  time  he  looked  into  them  and  had 
them  attended  to.  Every  revision  made  was  properly  marked,  and  the 
mark  was  given  at  the  top  of  the  sheet,  together  with  the  initials  of  the 
maker  and  those  of  the  checker,  as  well  as  the  dates  on  which  the  revision 
was  made  and  checked.  On  the  white  title  sheet  the  numbers  of  the 
sheets  revised,  the  fact  that  they  were  revised,  the  initials  of  the  maker 
and  checker,  and  the  dates  of  marking  and  checking  of  the  revisions  were 
given.  These  changes  were  kept  track  of  by  revision  blanks  shown  in 
Fig.  58c.  Whenever  a  part  of  the  calculations  was  replaced  completely 
by  a  later  design,  all  sheets  affected  were  marked  "VOID"  in  large  plain 
letters  so  as  to  preclude  any  chance  of  their  being  used.  The  person  who 
marked  a  sheet  "void"  noted  thereon  his  initials,  and  the  date;  and  a 
reference  to  the  sheet  replacing  it  was  noted  when  advisable. 

After  the  calculations  for  the  whole  job  or  any  section  of  it  were  com- 
pleted, the  preparation  of  the  drawings  was  begim.  This  procedure  was 
not  always  followed,  as  it  was  sometimes  necessary  to  start  the  drawings 
before  the  calculations  were  checked.  In  this  case,  the  Chief  Designer 
had  blue  prints  made  for  the  use  of  the  drafting  room.  At  times  this 
entailed  extra  work  when  changes  were  made  in  checking;  however,  modi- 


i'*tV^- 


-     ;■     ■   "- 1" 

■>.  ■ . 

'■■'■'.■ -^w- 

^ 

-"^v^-w-n 

^ 

m 

^  ■'■^-'^'^Wt- 

tJi 

^ 
>^^ 


t^^t^mammimii^lfm^lfm 


\<-'^i 


i":*,-^'yi! 


'        M        1 1 


■"4Map9i<V«* 


¥f^ 


.1  .  a 


'.J 


IBa   BairUoii  Blttok. 
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Indboei^  etc.,  pertainiiig  to  the  work  of  the 

ti^  were  all  looked  after  m  this  depart- 

llf^aqiiads  ocmffisting  of  a  Squad-boss  and  frcHB 

Ua  dieet  supervisioii.    With  ten  or  less  men 

Bhtftsman  directed  all  of  the  work  per- 

matters  to  look  after  himself,  he  ap- 

diarge  of  the  men  for  him.    It  was  always 

enough  men  to  keep  him  bui^  direct- 

Meh  questions  as  might  arise,  in  addition  to 

and  the  laying  out  of  important  details. 

up  outside  of  the  office,  particularly  with 

as  a  rule,  referred  to  him.    At  times  he 

to  make;  and  these  were  reported  upon 

Certain  correspondence  was  likewise 
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The  Squad4xMn  laid  out  the  walk  for  eedi  maa 
it  Ihioiig^out  its  prograsB.    He  aitanged  this  aa  tiitfl 
iBttaiy  for  the  various  m«a  to  discuss  the  deteUa 
li  was  intended  that  each  man  should  carry  on  his 
weh  matters  as  required  the  Squad4>dflB'&  Itttention 
f«l^>  the  Squad-bofls  settled  all  important  pcinta 
^iirtriieted  the  men  as  to  his  decisions  regarcBng  tfaeMr 
jify  in  the  nature  of  general  details  or  qiecifitiiitions 
trf  moi9  than  one  man  or  of  special  details  requifbg 
in  their  soluticm.    At  all  times  it  was  attempted  to  W^. 
eqasixnis  to  the  Squad-boss  and  each  individual  midep 
between  the  men  themselves  were  found  to  be  I 
lead  to  nowhere.    For  the  same  reason 
different  squads  was  limited  as  much  as  poesiUiu 
wa!e  not  adopted  in  this  r^ard,  as  it  was  not  intended  t^ 
the  freedom  of  the  men.    It  was  considered  advisable^ 
mine  the  sources  of  authority  and  have  these  resorted  tb 
Care  was  alwavs  exercised  to  handle  the  work 
least  red-tape  possible  and  yet  to  fix  the  responsibility  ol 
Moreover,  it  was  practically  a  necessity  to  have  a  quiety^^ 
ing  force;   and  promiscuous  discussions  did  not  ooni 
Ordinarily,  only  the  checking  of  detail  drawings 
was  handled  independently  of  the  Squad-boss.    The 
rei^x>n8ible  to  no  one  except  the  Chief  Draftsman,  in 
being  influenced  by  any  one  connected  with  the  w^Ofl&f'.l 
erty  to  discuss  any  detail  with  the  Squad4>oes  or 
to  use  his  own  judgment  after  such  a  discussion, 
man  could  settle  a  difference  of  opinion  between  tfaar 
detail  to  employ.    Occasions  sometimes  arose  when  It, 
to  handle  certain  special  investigations  outside  of 
men  carrying  on  such  work  were  placed  under  th0 
the  Chief  Draftsman. 

The  squads  were  not  permanent  in  thdr  oi 
essary  to  arrange  them  to  suit  the  existing 
time.    Moreover,  it  was  the  purpose  of  the 
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rounded  an  experience  as  possible,  because  this  course  resulted  in  bene- 
fit to  the  office  as  well  as  to  the  individual.  Naturally,  the  individual 
had  to  be  equal  to  the  responsibilities  placed  upon  him  or  he  would  not 
have  been  entrusted  with  them.  With  this  system  in  vogue,  different 
men  were  in  charge  of  different  squads  at  different  times;  and  the  men 
in  the  squads  were  shifted  from  one  to  the  other  as  circumstances  de- 
manded. As  a  rule,  the  abler  and  more  experienced  men  were  made 
Squad-bosses;  although  sometimes  younger  men  were  placed  in  charge, 
particularly  when  they  showed  themselves  specially  fitted  to  handle  men. 
Likewise  the  older  men  were  placed  in  charge  of  checking  work,  on  ac- 
count of  their  experience.  Generally,  the  least  experienced  men  were  put 
on  the  tracing  and  the  correcting  of  drawmgs,  while  the  more  advanced 
ones  devoted  themselves  to  detailing;  but  sometimes  it  was  necessary  for 
the  latter  also  to  make  tracings.  The  work  was  arranged  so  that  a  single 
squad  either  handled  the  entire  job  or  took  care  of  one  or  more  divisions 
of  it.  The  former  arrangement  was  possible  on  small  jobs;  but  on  large 
(mea  where  the  layout  was  considerably  varied,  it  was  necessary  to  follow 
the  latter  course.  In  this  case  the  divisions  were  made  as  complete  in 
themselves  as  it  was  practicable  to  make  them  in  order  to  avoid  the 
overlapping  of  details  and,  consequently,  also  a  division  of  responsibility 
between  the  various  squads  engaged. 

When  the  calculations  on  any  piece  of  work  were  turned  over  to  the 
Chief  Draftsman,  he  studied  them  carefully  and  determined  what  draw- 
ings were  necessary  and  along  what  lines  they  were  to  be  worked  up. 
A  complete  list  of  drawings  was  made  out  at  the  start  so  as  to  obtain 
a  consecutively  arranged  set  of  plans.  Care  was  taken  to  see  that  there 
were  enough  drawings  to  cover  all  the  details  without  the  necessity  of 
crowding  any  sheet.  This  usually  called  for  considerable  study,  but  it 
was  well  worth  while;  for,  in  addition  to  producing  a  logical  set  of  draw- 
ings, it  gave  a  working  skeleton  for  the  entire  job  and  permitted  the 
making  of  an  accurate  estimate  of  the  time  and  number  of  men  required 
to  turn  it  out.  The  Chief  Draftsman  then  arranged  for  a  squad  to  pre- 
pare the  plans,  and  turned  over  the  calculations  to  the  Squad-boss,  giving 
him  written  instructions  as  to  the  handling  of  the  work.  The  Squad- 
boss  reviewed  these  thoroughly  and  then  laid  out  the  work  for  each  man 
mider  him.  He  decided  upon  such  details  as  lacing  bars,  stay  plates, 
kinds  of  splices  to  be  used,  etc.,  so  as  to  make  the  practice  uniform;  and 
he  determined  the  amoimt  of  detailing  necessary  so  as  to  avoid  any  du- 
plication. Special  instructions  and  notes  were  written  so  as  to  prevent 
any  misunderstanding  or  any  excuse  for  neglect  on  the  part  of  the  men. 
General  decisions  of  importance  were  always  written  and  placed  on  file, 
and  copies  were  furnished  the  draftsmen  for  reference.  Small  letter-size 
sheets,  83^"  X  11",  were  generally  blocked  out,  giving  the  details  to  be 
worked  up  and  their  location  on  the  drawing.  These  were  turned  over 
to  the  draftsmen,  together  with  the  calculations.    The  Squad-boss  also 
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''jpifWied  for  tfa^  use  of  tiie  iiMtm^E^ 
X  Abnort  all  detailiiuE  was  done  on  MaMr^/iiiiiB 
tiiKskiii  doth  in  ink.  Certain  woric  was  acmetirtWI 
ilia  ttadng  doth  and  then  inked  in;  but  ttdi^'^^^ 
than  the  rule.  In  the  preparation  of  the  pebM 
eraQj:  taken  to  see  that  it  mw  made  easBic^  mWf 
traced.  This  waa  not  always  the  case,  howevidri  ad^il 
found  advantageous  to  det^  on  small  sheets  ttdd  flidt|ifii 
ing  in  tracing  them.  This  i^ystem  was  found  ooii' 
a  drawmg  the  entire  detailing  of  wliich  could  ncMt  te^ 
either  for  lack  of  information  or  on  account  of  tbb 
on  some  other  detail  not  yet  determined.  Cam  "WM 
thai  the  pencil  work  was  carefuUy  done,  so  as  to  giir^lllif 
the  tracing.  If  it  became  necessary  to  lift  the  ddtK  iK' 
to  make  out  any  detail  or  lettering,  it  was  called  id  ^ 
detailer  so  as  to  prevent  a  similar  occiirrence  on  futite; 
attention  was  given  to  the  line  work,  especially  in  reitt|§ 
make-up,  as  the  conventions  adopted  by  the  office  b$A 
A  pencil  sufficiently  soft  to  give  a  clear,  distinct  line 
to  prevent  smudging  was  used.  Certain  important 
lines,  bounding  lines,  etc.,  were  frequently  inked  i^ 
cially  on  heavy  work  where  considerable  erasing 
pected.  The  location  and  composition  of  titlesi, 
also  carefully  watched  on  the  pencil  drawings, 
tering  was  not  considered  material  so  long  as  it  Waf 
After  the  drawings  were  traced,  the  titles,  whic^ik 
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.^lOAil  the  ebqp  drawings  had  been  approvedy 
isoired*    This  was  done  merely  for  reference  in 
'r^at&m  in  the  drawings.    As  far  as  it  was  poe- 
Hm  fiimL  tbe  i^keddng  of  an  entire  job  or  a  defi- 
t^sMn  the  responsibility  for  the  work.    Wh^!e 
jQUctte  job,  they  were  expected  to  compare  over- 
be  toertain  that  no  differences  occurred  on  that 
likewise  watched  this  particular  point  in 
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ihooks  containing  150  sheets  about  10''  X  12'' 
quadrille  ruled  in  one-quarter-inch  squares, 
Sirftable  for  this  particular  work.  Ekich  in- 
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illf^ 'draftsmen  at  their  desks  until  they  were 
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of  no  further  use  to  them,  when  they  were  filed  in  a  convenient  place 
in  the  drafting  room. 

Although  the  standard  sheet,  28"  X  37"  inside  and  29"  X  38"  out- 
side of  the  border,  was  mostly  used  for  drawings,  half-size  sheets,  18"  X  28" 
inside  and  19"  X  29"  outside,  were  sometimes  found  convenient.  More- 
over, during  the  checking  of  the  shop  drawings  and  during  the  construc- 
tion of  the  job,  it  was  frequently  necessary  to  send  out  a  small  sketch 
of  a  detail.  For  this  purpose  a  letter-size  sheet,  83^"  X  11",  was  em- 
ployed. The  structural  drawings  were  numbered  1,  2,  3,  etc.;  the  me- 
chanical drawings,  Ml,  M2,  M3,  etc.;  and  the  sketch  sheets,  Dl,  D2, 
D3,  etc.  Whenever  a  tracing  was  replaced  by  another,  the  original  one 
was  marked  "  VOID"  in  large  letters  near  the  title,  with  a  note,  "See  final 

drawing  No. ."    The  new  drawing  took  the  same  number  as  the 

original  except  that  the  letter  A,  B,  or  C,  was  added  to  it  as  a  distinguish- 
ing mark  to  signify  the  number  of  times  the  drawing  had  been  remade. 

A  concise  record  of  the  detail  drawings  was  kept  for  each  job  on  the 
form  shown  in  Fig.  58d.  The  sheets  were  lOJ^"  X  16",  the  same  as 
those  used  for  the  calculations;  and  they  were  punched  at  the  left  hand  end 
for  a  canvas-backed  folder  made  specially  for  the  calculation  file.  These 
records  were  placed  in  the  folder  in  alphabetical  order  according  to  the 
title  of  the  job,  and  were  kept  by  the  clerk.  As  soon  as  the  list  of  draw- 
ings was  made  up,  the  above  form  was  filled  out  to  this  extent.  Then 
as  the  drawings  were  gotten  under  way,  the  record*  was  extended  until 
it  was  complete.  The  data  for  this  were  taken  from  the  time-cards  de- 
scribed later.  The  squares  in  the  colunms  listed  "Title,"  "Checking 
Print,"  "Back  Checked,"  and  "Corrected"  were  merely  checked  thus 
(  V)  when  any  of  these  items  had  been  taken  care  of.  By  referring  to 
this  record  one  could  see  at  a  glance  just  where  any  particular  job  stood 
at  any  time. 

After  the  tracings  were  checked,  reference  prints  were  made  and 
turned  over  to  the  Squad-boss;  after  which  the  tracings  were  filed  in  the 
cabinets  used  for  that  purpose.  These  prints  took  the  place  of  the  trac- 
ings to  a  large  extent,  as  otherwise  the  wear  and  tear  on  the  latter  would 
soon  have  put  them  in  bad  condition.  They  were  used  in  the  checking 
of  shop  drawings  and  in  general  reference  work.  Moreover,  all  important 
corrections,  made  after  the  drawings  were  first  signed  as  being  checked, 
were  noted  on  these  prints  as  a  record  of  the  same.  These  changes  may 
have  been  due  to  the  shops,  to  the  owners,  or  to  the  office  itself.  These 
prints  were  kept  until  the  job  was  completed  in  the  field,  after  which 
they  were  destroyed.  No  pencil  marks  or  notes  of  any  description  what- 
soever were  permitted  on  the  tracings  after  they  were  checked.  Where 
corrections  were  necessary,  they  had  to  be  called  to  the  attention  of  the 
Chief  Draftsman,  who  saw  that  they  were  taken  care  of  in  the  proper 
course. 

The  work  of  checking  the  shop  drawings  was  turned  over  to  the  mea 
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who  made  and  checked  the  detail  drawings,  if  they  were  available  for  this 
purpose.  The  shop  prints  were  sent  in  in  duplicate,  one  copy  being  for 
the  office  and  the  other  for  the  shops.  Only  such  items  as  the  principal 
dimensions,  sections,  details,  and  strengths  of  all  parts  were  checked. 
The  rivet  spacing  was  not  looked  into  except  to  see  that  no  spacing  less 
than  the  mmimum  or  greater  than  the  maximum  aUowed  by  the  speci- 
fications was  used.  Net  sections  were  carefully  watched  for  any  im- 
proper reduction  by  the  shops.  The  number  of  field  rivets  was  checked 
in  all  cases;  but  the  matching  of  field  connections  was  not  looked  into. 
The  shop  lengths  of  all  main  members  were  checked,  and  the  lengths  of 
a  few  bracing  diagonals  were  figured  to  see  that  the  shops  were  giving 
them  the  proper  draw.  Items  that  affected  the  shops  alone,  but  did  not 
influence  the  strength  of  the  structure,  were  not  investigated.  The 
checkers  were  instructed,  however,  to  see  that  the  details  for  the  struc- 
ture were  complete  and  that  the  proper  number  of  each  was  ordered  by 
the  shops.  A  point  that  often  gave  trouble  in  the  checking  of  shop  draw- 
ings was  the  fact  that  the  shops  frequently  made  corrections  other  than 
those  noted  by  the  checker  without  calling  attention  to  them  in  any  way. 
This  was  immaterial,  of  course,  in  imimportant  details;  but  the  fact  that 
some  important  detail  might  be  overlooked  through  this  course  led  the 
Chief  Draftsman  to  instruct  the  shops  at  the  beginning  of  each  job  to 
underscore  all  such  changes,  no  matter  how  unimportant  they  might  be. 
This  was  found  well  worth  while  on  more  than  one  occasion.  As  far  as 
possible,  the  corrections  were  made  so  fully  on  the  shop  drawings  and 
in  such  a  maimer  that  the  reasons  for  them  would  be  evident  to  the  shops. 
Where  this  could  not  be  done,  the  correspondence  was  made  to  clear  up 
the  changes.  The  shop  prints  were  stamped  "Approved"  or  "Approved 
as  Corrected"  and  signed  by  the  checker,  who  also  added  the  date  of 
checking.  They  were  then  returned  with  a  letter  of  the  form  shown  in 
Fig.  58e,  except  where  it  was  necessary  to  advise  more  fully  regarding 
the  corrections,  in  which  case  a  special  letter  was  written  and  enclosed 
with  the  form  letter.  The  latter  was  made  out  in  triplicate  by  the  checker, 
the  original  being  for  the  shops  and  the  copies  for  the  Drafting  Department 
and  the  General  Office.  These  three  copies  were  turned  over  to  the 
Drafting  Room  Clerk,  together  with  the  prints,  which  were  divided  into 
the  office  and  the  shop  sets  and  so  marked.  The  clerk  checked  the  prints 
against  the  list  given  in  the  form  letter,  and  approved  the  latter,  if  found 
correct,  by  adding  his  initials  where  noted  "Approved."  The  shop  prints 
and  the  letters  were  then  turned  over  to  the  general  office  for  mailing. 
After  this  the  office  prints  were  recorded  by  the  clerk  and  filed,  as  were 
also  the  copies  of  the  letters. 

All  drawings  were  mailed  in  duplicate  by  the  shops,  until  approved; 
and  when  approved,  final  prints  were  sent  in  for  the  files  of  the  Field 
Engineers,  the  Shop  Inspectors,  the  Clients,  and  other  parties  to  whom 
sets  of  drawings  had  to  be  forwarded.    These  prints  were  all  stamped 
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"Approved,"  and  were  forwarded  with  the  form  letter  shown  in  Fig.  58/, 
being  handled  in  the  same  manner  as  the  prints  returned  to  the  shops. 

WADDELL  &  HARRINGTON 

CONBULTINa   ENGINEERS 
KANSAS  CITT,   MO. 


BRIDGE 


SIRS: — ^We  are  returning  you  to-day  prints  of  your  drawings  as  follows: 
Contract  No.  Drawings  Approved  Drawings  Approved  as  Corrected 


APPROVED:  Yours  truly, 

WADDELL  &  HARRINGTON 


By. 


Chief  Draftsman 
Fio.  58e.    Form  Letter  Accompanying  Shop  Drawings  Returned  \o  the  Contractors. 

At  the  close  of  the  job  a  final  set  of  cloth  prints  was  obtained  from  the 
shop  for  a  permanent  record. 

A  complete  record  of  the  shop  drawings  was  kept  on  the  form  shown 
in  Fig.  5Sg,  These  sheets  were  of  the  same  size  and  were  filed  in  a  folder 
in  the  same  manner  as  those  for  the  record  of  the  office  drawings.    The 
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drawings  were  alwajrs  listed  consecutively,  and  the  sets  thereof  for  the 
various  contracts  on  any  job  were  kept  separately.  The  shops  were  re- 
quested at  the  outset  of  a  job  to  furnish  a  list  of  their  drawings  for  the 


WADDELL  &  HARRINGTON 

CONBULTINQ  ENQINEESS 
KANSAS  CITT,   MO. 


BRIDGE 


Dear  Sir: — We  are  sending  you  to-day,  for  your  file,  prints  of  shop  drawings  for  the 
above  bridge  as  follows: 


Contract  No. 

Drawings  (Give  Number  (d  Prints) 

APPROVED: 


Yours  truly, 

WADDELL  &  HARRINGTON 

By 


Chief  Draftsman 

Fig.  58/.    Form  Letter  Accompanying  Shop  Drawings  sent  to  Clients,  Resident 

Engineers,  Inspectors,  etc. 

whole  work  or  any  section  of  it  at  the  earliest  date  possible  in  order  to 
assist  in  arranging  the  record.  It  was  not  always  convenient  to  do  this; 
but  when  it  was  done,  it  certainly  was  a  great  help  to  the  office. 


W^j-^i.^-v: 


;?' 

■ -1  ij. 

af'-, 

,^^' 

■J-  - 

^i-'" 

J."' 

■  .  ■  ,, 

il'm      '■     -  I  II    Ml,  I  1 1  I'll  I  n"  \t  ' 


in^y  '.,.^^ 


-•:-«»Vv 


HH^IIiy  tMltllllllllllJUIIIIUUISUIIIHIIIIIIIIIHM 

^  V  I  inM^iiooifiuiiJiiiiiiiiiiuijusitiiiuiiimiiJifiUia 

-v^J^:tf..4Ub«flitKtaBHailiMHiaiaiaHHMHaiHI«H»HM5IIIBH 

t^i^HrffiinifiuiinmifiumiuiHiiiunuuiiDnnoufm 

v<cV|U.<Hlf«lllflillll|tilllJII|IUIillllflllUlitlllllllill4tfli 

ij^  ^rrfr^!j9ifjuiiifiiiiiiiiuifiiijuiiiiuiiiiiiiiniinij&iiii» 

HlllfilifllltlUIIIIUUUIIUIiPIIIIUIIIIIIUIIMIKIIII 

>     >  v^^niHifiMiiiiniiMMffiiiuinpiiiiiiiiiMfiiiMoviun 
'^rM?iyiiiiuiiifiiijiinuiiiitiguuiiiiiiuiiiiifum 

'. '  ..h'  iS  -M  t"?  W  M 

1^;  Tjt^lllini3||IPIMllMIH«f|||9MIUPIfliriMilMfl^ 


>^l  MyMktMlllklllllllMHUIIKIIfMlfllllllUlllLlUllllhllllll 


-H^u^MctiliiuliiiloiflfllNliillllJIlmillllUlilllilliiJll 
I  n   lyuyyiisisiiliiililiillllililiilijiililltiuiiliuuiiuil 

i^^.lMI  »«MNIIMiUIIMI»P«IHCHRIIMP«rniPIMPIIIMiinri 


Wrtml 


A  « iJi^MMIMIIIlPMIIMUIPIPUMIPUillPIPIPlPIPMIPIPlllPIPIIl 

':^  ?/■  ''^  c>  t-  ^.  * 


[Kin  K I  ■!.' 


MtdiiiMtrmMiM 


<  .c^^f'^fllMMHPIPPPIPMPPIPIPMIPIPIPJPiUPIPIPlPiPiPiPlPIPIPUl 


Blff'W'l'T'T'l'i'f '1 '  $  ^  JF  TOW  WF  Wtl 

agii»iiiiiiiiiiiiiiiiiiiiiiiiiii 

^^^^^HKBuHhtr':    ^     ^'    .'- 

^^H^^HHEhlvJh'   ^'i     -    ' 

•.-y-'' 


-  -1 


m  .■ 


'l.mkimm:m; 


;   .  >  1  ^  ■■   .  » 

■»fc«-JWt« 


lb* 


rv^f"^' 


immf^^ 


'f'"*'^*"! 


*1 


-<-*  J^"*-'^ 


mm 


.♦'Jt^TL 


*,--fi'^ 


'j^v  '  .»• 


' '  "f    *L ,  ■  -----  - 


to  itltafid  to  <li0  mp  itm^ 


..  —  jSR.  *-v..-.  J 


-WJi 


..■*v»'»S. 


Vi? 


• .-,' 


|^MKi|l^  io  is  no*  io  fadd  ^ 

^Mt'tMik  bl  nriDte  tiist  biKl  beoii  l^eldl  M  ^  yBi§^ 

IbB  libitdlEl^  ttoeafter 

il|id^  irf  i^^       being  Md  unduly  by  the  Atofp$^ 
"itgmh^  tcr  tliem  with  a  lequert  thst ifai^ pwh 

tf||M|Biifafey  idben  liie  work  was  likely  to  get  bcl^ii^    ' 
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widch  tibe  prints  were  retun^.    When  revised  |iriiitB  mt^ 
were  entered  in  the  next  column  as  before,  ahd  tin^  eteilit 
to  the  checkers,  together  with  the  prints  <d  the  same  iteivte|^ 
received.    The  checking  of  the  corrections  was  then  tihea  j 
the  prints  returned  to  the  shops.    This  procedure  was 
the  drawings  were  approved.    After  that,  the  prints  fo^  IM 
were  sent  in  by  the  shops  and  listed.    They  were  stampet  lilt; 
to  the  proper  parties,  a  record  being  made  of  the  <bte 
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the  record  was  complete,  the  upper  right-hand  ootiitf 
noted,  for  convenience  in  referring  to  the  unfinished  jpl|4^ 
When  prints  of  the  office  tracings  were  needed,  oideis 
made  out  in  duplicate  on  the  form  shown  in  Fig.  58%, 
sheet  83^"  X  11"  in  size.    This  form  gave  the  number 
of  each  drawing  wanted.    They  were  placed  in  sepawt^ 
the  blue-printer  and  one  for  the  Drafting  Room, 
his  copy,  picked  out  the  tracings,  and  made  the  pri^i^ 
copy,  together  with  the  prints,  to  the  clerk,  who  madi 
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jprvqperly  edgned.    The  original  order  was 
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to  first.    This  was  looked  after  by  the 
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fla&dard  calculation  sheet  and  was  kept  in 

made  out  for  each  job;  and  these  records 

to  title.    The  sheet  numbers  were 

order,  even  though  prints  were  not 
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Rr^'^nme  Becord  far  Calculations. 

^'Cteneral."    These  cards  were  all  filed  in 

'^iSke  job  numbers,  in  a  standard  filing  case. 

for  them  were  maintained  in  the  Draft- 

'4b0  rix  drawers  in  the  drafting  tables  were 

1^^  cases  made  specially  for  that  purpose. 
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di£Farent  files,  and  the  drawers  in  each 


3j*'A»y: 


'/;     '^ 


.'     1. 


.  J;- 


I  '-, 


.-i-r^-^ 


'-. -i'VJ^f, 


¥i5 


o^  J*»i' 


pcfteiniiig  to  €ii&  ]0b  Jbang 


^-«Li■ 


55i^>, 


^^. 


:^#^?!/-i^,x 


"Ji; 


DAAWmO  SEOOBD 


fe 


^-'-.>v. 


^0# 


JteHo 


» •  •  •  • 


MisifUifO 


TBACSDiO 


rfi^ 


>  •;*  #*«-f-;f  •■♦^ 


nro 


^^ 


.M 


■^f     ■-■»■•»>   T-    ■ 


••f    - 


-IM,^ 


I  I  I    liii 


■Mfei 


;3F9< 


T't*^ 


*^***t* 


^*MSfi 


1™ 


■*■*■ 


^^!«i 


<■ 


f  >  ■   i 


!•—■■■ 


JMlil    ^ 


Fio.  (SSifi.    Time  Record  for  Ofl&ieDmiviiiiP. 

4 

k 

pending  on  the  number  of  prints.    Data  drawings  nbttbigt^M 
lar  bridge  were  separated  from  those  ot  a  genefal  mlbnam 
refer  to  a  number  of  bridges.    Each  roll  in  the  drawemai 
ferent  number  and  each  drawing  in  the  roll  a  letter. 
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diawmg  "c"  in  roU  "6"  m  drawer  "/216"  of  the  ''Baootdm^ 


number  was  written  on  the  back  of  each  drawing  at  bolll 
index  for  the  record  file  was  made  out  on  cards  3''  X  S^  fmiiib^ 
cards  were  used  for  the  drawings  referring  to  a  particiAur  4lmriil||^ 
pink  ones  were  employed  for  those  containing  general 
The  drawings  were  listed  under  the  name  of  the  river  or  d^lil^ 
referenced  under  the  name  of  the  client,  city,  and  street^   itbi 
given  on  the  main  card  was  always  sufficient  to  dediliatii: 
for  reference.    In  using  any  drawing,  the  whole  roll  19p| 
the  file  by  the  person  wanting  it.    This  was  returQe4 -1^^^ 
saw  that  the  roll  was  complete  and  in  order;  and  tdiei^|b|jj 
the  file. 

The  calculations  were  filed  in  folders,  as  noted 
posed  and  the  final  jobs  were  placed  in  separate 
marked  FBI,  PB2,  etc.,  and  the  latter  CI,  C2,  ete^f 
hidges  were  filed  together  in  the  same  folder,  wh&i 
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tf  m  the  large  bridges,  the  main  divisioiiSy 
pBfmmt^'  ''Towers,"  etc.,  were  likewise  tabbed 
were  indexed  under  the  name  of  the  river 
under  the  name  of  the  client,  city, 
of  the  folder  and  that  of  the  main  division, 
to  a  single  job,  were  given.    Standard 
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^liKQaiieo^  were  lilcewise  filed  m  flpec^ 
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ligliele  ilroiii  ttie  rast  <rf  the  eet^     Tbe  tieosMAMki' 

V\w>"-~,-'     ■   '-..     ".-'■■.  ,  .  .'L'. 

i^idfira  ill  alidiabetieal  order  aooordiiic  to 
tibe  draftsmeii  were  permitted  to  xemam 
lievje  not  allowed  to  return  them.    Ii^rtead^ 
IgMieial  drawer,  assigned  for  the  piuposei  from  whSniti 
Ittii  pr^EW^  ^Erfaibuted  each  day  by  the  deik*    TUH 
f6  hdbi  the  derk  responsible  for  the  ordor  of  the  filei^ 

The  index  for  tiie  tradng  file  was  made  out  on  fltai 
cards.    The  jobs  were  listed  under  the  name  of  the  ffvernt 
subject,  and  were  cross-referenced  muter  the  naasttr  ^  Ite 
and  street,  and  also  under  any  other  heading  by  whidi  lik 
nised.    The  drawings  were  all  listed  and  grouped  miiii 
daasifications:    General  Drawings,  Substructure,  Stieii 
structure,  Miscellaneous,  and  Void.    Maps  and  Oeneiiyi 
recorded  under  "General  Drawings";  while  all  miseellaMQfili 
included  under  ''Miscellaneous/'    On  large  bridges  the 
tions  were  still  further  broken  up  according  to  the  mttill 
structure.    The  cards  for  any  job  were  not  made  out  unlit 
ings  were  completed. 

The  Checldng  Prints  were  folded  and  put  away  in  m 
the  shop  drawings  were  checked,  after  which  they 
were  kept  in  alphabetical  order,  but  no  index  was  pcoiUed' #<£: 
Prints  sent  to  the  clients  for  approval  were  filed  in  ft  jAtnftir 
when  returned.    They  were  destroyed  aftor  the  job  WW 
completely  settled  for.    When  prints  were  sent  out  to 
tical  set  was  filed  in  a  vertical  filing  case  and  kept  uoiriMiMi 
was  completed.    They  were  then  destroyed.    They  w#* 
a   dispute   arose   regarding   the   plans    upon    wididi    liii(*ii 
based.  *  ^>4iv> 

During  the  construction  of  a  job,  the  Bestdent  Stfl^ 
office  records  of  the  structure  as  actually  built, 
vertical  filing  case.    At  the  end  of  the  work  a 
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MKwe  library  books.    The  person  signing  tibese 
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CHAPTER  LIX 

INSPECTION  OF  MATERIALS  AND  WORKMANSHIP 

Before  commencing  to  prepare  this  chapter,  the  author  took  the  pre- 
caution to  write  several  of  the  leading  inspecting  bureaus  of  the  United 
States  and  ask  them  for  conunent  on  Chapter  XXI  of  De  PorUibus,  which 
also  treats  of  the  subject  herein  considered;  for  he  knew  that  during 
the  eighteen  years  which  had  elapsed  since  that  book  was  written  many 
important  developments  in  American  methods  of  inspection  had  taken 
place.  The  result  was  the- accumulation  of  much  valuable  material  con- 
cerning the  inspection  of  metalwork  from  such  high  authorities  as  Messrs. 
Hildreth  &  Co.,  the  Pittsburg  Testing  Laboratory,  Messrs.  Colby  and 
Christie,  C.  C.  Schneider,  Esq.,  C.E.,  E.  McLean  Long,  Esq.,  C.E.,  and 
Robert  W.  Hunt  and  Company.  This  has  been  utilized  in  recasting  that 
portion  of  De  Pontibus  relating  to  metal  and  metalwork  inspection;  and 
the  author  here  takes  the  opportunity  to  express  to  those  gentlemen^ 
individually  and  collectively,  his  sincere  and  hearty  thanks  for  their  kind 
cooperation  and  valuable  aid.  In  some  places  he  has  quoted  verbatim 
from  their  contributions  with  the  usual  due  acknowledgment,  but  in 
others  he  has  applied  the  information  and  suggestions  directly  to  the 
modification  of  his  own  previous  writmgs. 

Unless  all  the  materials  used  in  a  structure  and  all  workmanship  during 
the  various  stages  of  manufacture  at  the  shops  and  of  construction  in  the 
field  be  subjected  to  competent  and  honest  inspection,  much  of  the  bene- 
fit obtained  by  scientific  design  and  thorough  specifications  will  be  lost. 
For  many  years  most  of  the  inspection  of  structural  metalwork  was  a 
sad  farce;  and,  in  consequence,  the  general  public  placed  but  little  con- 
fidence in  inspection,  with  the  result  that  a  large  portion  of  the  bridge- 
work  of  the  country  was  left  entirely  to  the  tender  mercies  of  the  manu- 
facturers, who  naturally  worked  for  their  own  interest  and  not  for  that 
of  the  purchasers.  Of  late  years,  however,  improvements  in  inspection 
methods  have  been  made  by  a  few  of  the  leading  specialists  in  that  line 
of  work;  but,  sad  to  relate,  there  is  still  a  vast  amount  of  slip-shod  in- 
spection being  done  at  rolling  mills  and  bridge  shops,  mainly  because  pur- 
chasers of  metal  are  not  willing  to  pay  a  proper  compensation  to  the  in- 
spectors. In  times  past  the  author  suffered  considerably  from  bad  inspec- 
tion in  such  matters  as  the  insertion  of  a  rust-joint  in  a  turntable  between 
the  bottom  of  drum  and  top  of  upper-track  segments,  where  no  such  fill- 
ing was  allowed  in  either  plans  or  specifications;  badly  matching  holes 
in  field  connections;  pin-holes  too  small  for  pins;  important  members 
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has  been  utterly  demoralised  in  times  past  by 
l^aiiniiplated  by  this  inspector;  tor  it  was  the 
t$  a  certain  extent  with  some  inspectors^  to 
at  whatever  figures  the  purchaaers  are  will- 
woritso  as  not  to  lose  money  on  the  contracty 
intetests  of. their  employers.    Strange  tales 
to  the  ears  of  eng^eers — such,  for  instance, 
g|ip|pd  of  metalwork  that  was  not  seen  by  the 
for  shipment;  but  such  tales  need  verifica- 
'■^ts0baiy^B  business  to  give.    There  is  no  doubt, 
authentic.    In  one  case  in  the  author's 
IPl  work  for  ten  days  in  charge  of  one  of  the 
withiout  notifying  either  the  author  or 
bureau,  of  his  contemplated  absence, 
entertain  serious  doubts  sometimes  as  to 
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to  such  an  extent  that  even  the  highest  possible  prices  would  not  make  it, 
for  some  time  to  come,  what  it  ought  to  be;  because  not  only  are  the 
assistant  inspectors  lacking  in  proper  training  and  thoroughness,  but  the 
manufacturers  have  become  accustomed  to  a  certain  class  of  inspection, 
and  would  deem  it  a  hardship  to  be  subjected  to  much  more  rigid  require^ 
ments.  Eventually,  however,  the  resulting  improvement  in  manufacture 
of  metalwork  would  be  an  advantage  to  the  manufacturers  as  well  aa 
to  the  purchasers. 

A  decided  betterment  of  inspection  can  be  brought  about  only  by  con- 
certed action  on  the  part  of  the  principal  inspecting  bureaus  and  inspectors 
of  the  country,  backed,  of  course,  by  the  aid  of  all  engineers  who  are  di- 
rectly interested  in  the  designing  and  building  of  structural  metalwork. 
If  these  inspecting  bureaus  and  inspectors  of  established  reputation  were 
to  form  an  association  for  the  purpose  of  determining  what  inspection 
should  consist  of,  and  what  minimum  rates  should  be  charged  therefor 
by  all  members  of  the  association,  and  if  admission  to  the  association 
were  based  upon  both  experience  and  good  faith,  it  would  be  practicable 
to  make  very  quickly  the  improvements  requisite  for  bringing  inspection 
up  to  an  almost  ideal  standard  of  excellence.  For  a  while  a  good  deal 
of  work  would  go  to  the  inspectors  outside  of  the  association;  but  ere 
long  the  general  public  would  become  educated  to  the  fact  that  good 
inspection  of  metalwork  is  a  necessity,  and  that  it  can  only  be  obtained 
by  paying  Uving  prices  to  those  who  do  the  work.  Engineers,  in  order 
to  aid  in  the  good  work  of  the  association,  should  refuse  to  include  the 
price  of  inspection  in  their  fees  for  engineering  work,  and  should  make 
it  a  rule  to  employ  for  doing  their  inspection  only  members  of  the  asso- 
ciation. 

Certain  engineers  of  high  standing  have  spoken  slightingly  of  this 
proposition  to  form  an  association  of  inspectors,  terming  it  a  "trust." 
Strictly  speaking,  it  certainly  would  partake  of  the  nature  of  a  trust, 
but  it  would  be  a  good  and  worthy  one,  the  main  object  of  which  would 
be  to  effect  a  much  needed  reform.  On  the  same  basis  the  American 
Institute  of  Architects  is  a  trust,  for  the  reason  that  it  establishes  a  inini- 
mum  fee  of  six  per  cent  for  the  making  of  plans  and  specifications  and 
sometimes  also  for  the  services  of  an  inspector  on  all  building  work;  and 
surely  such  an  organization  should  not  be  condemned  on  this  account.  On 
the  contrary,  the  architects  have  set  the  engineers  a  good  example  in  form- 
ing this  association;  and,  until  engineers  follow  their  lead  in  this  particular 
and  establish  minimum  foes  for  professional  work,  the  engineering  pro- 
fession will  fail  to  attain  its  highest  degree  of  efficiency,  and  will,  there 
fore,  not  be  properly  recognized  as  a  profession  by  the  general 
public. 

In  order  to  present  the  inspectors'  views  on  the  subject  of  metalwork 
inspection,  the  following  quotation  is  extracted  from  a  communication  by 
Messrs.  Hildreth  &  Co.: 


VH;i^'i^:'S^M^;^% 


#1 


^^V^^- 


^I^H^'^'^i^^ 


..,  ar.-AJgr  :*.  -g^v 


.ii^^'i^'-.i 


i/iX^-'i^sl^ 


uImI  dmr  httM  a  iMMOiiil  iiiBMillfB  to  ilii>  liiife 


'^r^i 


'«M<li^i|tiiWiiiliitf<iipiiiw^u^ 


J  i 


A  t 


<*;r /-•?««' 


^■f*^ 


'^4^ 


li  aJttMtod  t(>  and  BM^  be  qhIiiI  m  flaiii^ 
fMribfo  fftSoM  or  in  TCttsviiig  frooi  inniwrwihilHy 

pOilBnvfWljfQIIIllieMBIO.     lil  M  nOV  nOQIWnlOTNp 

l<iiil  to  pjgyjdo  for  the  fniwrytoioii  of  iniumfainliBt 
iir  loii  af  Bfe  tvaahiiig  ftom  ray  USact  st  cnolte 


'•  ^ '. 


^i*  i'< 


I*Uv 


-■■'*:.#^. 


^HB'  ns  Ikbvbotino  Bnohqbbb 

inay  be  made  by  employees  of  an  Engineer  or 

Hf  laapeiting  Engineera  who  make  «  apeciatty  of  audi 

of  tiie  latter  are  primarily  tiiat  the  maaufactuns 

at  tarioua  roQing  nulla  and  at  cme  or  more  labri- 

points  at  the  same  time,  and  is  frequently  inter- 

iseshis  0wn  emi^yees  for  this  work,  it  is  essential 

|ihtf  tiMtliy  eonsequenUy,  much  waste  of  time  and  of 

milation,  the  mdef^endent  Inq)ecting  Engineer  estab- 

flMn  who  are  permanently  located  at  the  various 

:eaSE4pwtent  supervision  of  their  woric,  makes  use  of 

efB^inets,  thereby  tending  to  efficiency  and  economy. 

knowledge  of  shop  methods  and  a  personal 

I,  and  from  experioice  is  able  to  handle  the 

witii  some  advantage  of  practical  knowledge,  as 

and  has  personal  acquaintance  and  constant 

laspectkm  is  not  insurance.    The  inspector  is  not 

sufficiency  of  tests,  or  the  shop  management, 

^1^  Is  to  see  and  report  conditions  and  to  conduct 

the  character  of  the  materials  and  workman- 


^A 


H 


1416  BRIDGE  ENGINEERING  Cbapteir  liX 

ship,  and  give  an  accurate  record  thereof.  The  responsibility  for  compliance  with  plans 
and  specifications  and  general  good  practice  rests  primarily  with  the  Contractor.  The 
responsibility  of  an  inspector  is  for  intelligent  and  faithful  supervision  and  accurate 
record  in  accordance  with  the  established  and  specified  practice  of  tests  and  standards 
of  workmanship. 

'^The  position  of  the  inspector  is  that  of  an  employee  to  the  Engineer  or  Architect, 
who,  when  he  uses  such  employee,  is  himself  Inspection  Engineer  as  well  as  the  designo' 
and  supervisor.  If  Inspecting  Engineers  have  charge  of  the  work,  they  are  the  Asso- 
ciates of  the  Engineer  or  Architect  in  something  of  a  professional  capacity.  In  either 
case  the  quality  of  inspection  is  evidently  dependent,  as  is  all  professional  work,  upon 
the  character  of  the  men  on  the  work;  and  it  is  unavmdable  that  the  character  of  the 
men  is  dependent  upon  the  compensation  allowed. 

"QUAUTT  OP  iNSPECnON 

**  From  the  above  it  will  be  appreciated  that  the  quality  of  inspection  must,  according 
to  the  same  rule  as  applies  to  all  business,  be  in  direct  proportion  to  the  compensation. 
To  be  of  genuine  value,  inspection  must  be  constant,  intelligent,  and  complete.  A 
final  inspection  may  determine  the  satisfactory  compliance  with  the  contract,  but 
cannot,  generally,  secure  the  satisfactory  correction  of  ^rors,  and  certainly  cannot 
prevent  them  or  tend  to  the  improvement  of  the  work.  The  tests  of  quality  of  inspec- 
tion are  the  experience  of  the  men  directly  on  the  work,  the  time  spent  on  it,  and  the 
quality  of  the  final  record.  These  tests  apply  equally  to  the  work  of  direct  employees 
and  to  that  of  Inspecting  Engineers.  The  latter  may  properly  make  a  profit  from 
the  favorable  combination  of  work  at  rolling  mills  and  fabricating  plants  or  manu- 
facturing shops,  and  from  the  saving  of  time  and  traveling  expenses;  but  any  pirofit 
from  the  neglect  of  work  by  insufficient  attention  or  from  the  employment  of  under- 
paid employees  is  improper.  The  Architect  or  Engineer,  if  he  desires  to  secure  the 
best  inspection  by  Inspection  Engineers,  should  decide  upon  the  experience  and  repu- 
tation of  the  firm  with  whom  he  proposes  to  deal,  should  know  the  experience  of  the 
men  to  be  employed  upon  the  work,  and  should  critically  examine  the  character  of 
the  record  furnished  him.  He  may  properly  demand  information  as  to  the  time  of 
the  men  employed  upon  the  work. 

"Methods  op  Payment 

"The  usual  method  of  payment  for  inspection  services  when  done  by  Inspecting 
Engineers  is  at  a  price  per  ton.  This  always  should  be  per  ton  of  material  or  work- 
manship inspected  and  not  per  ton  accepted,  for  the  reasoii  that  it  is  imdesirable  to 
put  a  premium  upon  the  acceptance  of  work  which  may  be  defective  or  doubtful.  With 
knowledge  as  to  the  quality  of  inspection,  as  noted  above,  the  method  of  payment  by 
tons  inspected  is  satisfactory;  but  if  an  Engineer  or  Architect  is  doubtful  as  to  the 
character  of  the  work  that  is  to  be  done,  he  may  arrange  his  terms  on  a  basis  of  the  cost 
of  the  actual  time  of  the  men  employed  on  the  work,  plus  a  percentage  to  the  Inspecting 
Engineers  for  organization  and  supervision.  The  last  course  he  should  take  is  the 
placing  of  inspection  work  under  competition  to  the  lowest  bidder.  Such  a  course 
must  mean  not  only  his  willingness  but  his  demand  for  the  least  attention  by  the  lowest 
salaried  men  available.  This  method  is  a  favorite  one  followed  by  Purchasing  Agents 
of  large  corporations;  and  it  is  invariably  unsatisfactory.  A  moment's  consideration 
^411  convince  any  one  that  the  proportion  of  profit  to  inspectors  must  remain  the  same 
or  increase,  whereas  the  proportion  of  loyalty  and  conscience  must  diminish.  Payment 
for  inspection  is  not  a  part  of  the  obligation  of  the  Engineer  or  Architect,  but  is  that  of 
the  Owner.  The  strong  Engineer  or  Architect  will  not  evade  this  question,  but  will 
either  demand  that  the  Owner  make  such  provision  and  leave  to  the  Engineer  or  Archi- 
tect the  right  to  choose  his  associate;  or  he  will  provide  in  the  specifications  that  the 
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in  the  shops,  so  as  to  see  that  no  cracks  develop  therein,  and  that  it  with- 
stands properly  the  manipulation,  showing  as  perfect  homogeneity  as  is 
found  in  the  best  structural  steel. 

Eleventh,  Condemn,  as  soon  as  it  is  discovered,  any  material  unfit 
in  the  slightest  degree  for  use  in  the  structure,  no  matter  how  many  times 
it  may  have  already  been  inspected  and  passed. 

Twelfth,  See  that  all  metalwork  is  properly  cleaned  by  the  most 
approved  methods  and  apparatus  before  the  first  coat  of  paint  is -applied, 
and  that  the  latter  is  allowed  to  dry  thoroughly  before  the  metalwork 
is  loaded  on  the  cars  for  shipment.  It  is  of  vital  importance  to  the  life 
of  the  construction  that  the  metal  be  cleaned  effectively  and  thoroughly 
dried  before  applying  the  paint;  and  the  Inspector  should  at  all  times 
use  the  utmost  vigilance  to  make  siu-e  that  this  is  accomplished. 

Thirteenth,  See  that  all  shop  painting  is  thoroughly  done,  and  that 
proper  paint,  mixed  so  as  to  comply  with  the  specifications,  is  invariably 
used;  and  make  an  occasional  chemical  analysis  of  the  paint,  taking  care 
that  the  Contractor  is  notified  of  the  contemplated  test  after  the  samples 
are  taken,  in  order  that  he  may  make  a  check  analysis,  if  he  so  desire. 
Take  special  care  to  prevent  any  pieces  of  metal  from  being  riveted  to- 
gether, unless  the  contiguous  faces  be  first  thoroughly  painted. 

Fourteenth,  Should  any  employee  of  the  Manufacturing  Company 
wilfully  violate  or  continue  to  violate  the  specifications  or  the  instruc- 
tions of  the  Engineer  or  his  Inspector,  bring  at  once  to  the  attention  of 
the  said  company  the  fact  of  his  so  doing  and  request  that  he  be  discharged 
from  the  work  in  question;  and  if  the  request  be  ignored,  report  fully 
in  writing  or  by  telegram  concerning  the  matter  to  the  Engineer. 

Fifteenth,  While  endeavoring  in  every  possible  way  to  obtain  good 
work,  avoid  as  much  as  possible  doing  anything  to  annoy  or  harass  the 
Contractor;  but,  on  the  contrary,  take  special  pains  to  aid  him  in  every 
legitimate  manner  to  finish  his  work  quickly  and  inexpensively. 

Sixteenth,  Formulate  and  prepare  for  each  large  piece  of  work  the 
1  est  practicable  method  of  recording  progress  and  reporting  thereon,  and 
divide  up  the  total  work  into  groups  or  sections  so  that  the  notes  may 
be  easy  for  reference.  This  should  be. done  by  the  inspecting  bureau,  and 
should  not  be  left  to  the  shop  inspector. 

Seventeenth,  Send  into  the  ofiice  of  the  Engineer  regular  weekly  re- 
ports concerning  the  progress  of  the  work,  any  special  reports  that  from 
time  to  time  appear  to  be  required,  the  tabulated  results  of  all  tests  of 
materials,  and  copies  of  all  shipping  bills. 

Eighteenth,  Make  sure  that  aU  shipping  weights  are  correct  by  seeing 
the  metal  weighed,  and  keep  account  of  the  weight  of  all  metal  sent  out 
on  the  work,  as  the  Contractor  will  be  paid  by  the  pound.  It  will  be 
necessary  for  the  inspecting  bureau  to  check  all  of  these  weights  against 
the  shop  drawings  to  show  how  they  agree  or  disagree.  A  detailed  state- 
ment of  both  sets  of  weights  must  be  sent  to  the  Engineer  upon  the  com- 
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to  enable  the  mill  to  fill  the  specifications.  When  the  Inspector  receives  these,  he 
should  see  that  the  proper  information  is  on  them;  and  he  should  look  over  them  in 
connection  with  the  drawings,  and  should  note  on  the  sheets  in  what  part  of  the  struo* 
ture  the  material  is  to  be  used.  A  good  many  draughting  rooms  make  a  practice  of 
putting  on  each  order  sheet  the  part  of  the  structure  (or  which  the  material  is  intended. 
This  is  a  good  practice;  it  gives  the  draughting  room  very  little  extra  work  and  facilitates 
the  checking  of  the  material  and  reference  thereto. 

''The  Inspector,  by  knowing  where  material  is  to  be  ^nployed,  is  in  a  position  to 
use  some  discretion,  and  he  will  not  reject  material  such  as  filler  plates,  stiffeners,  and 
the  like  on  accoimt  of  their  being  slightly  out  in  some  of  the  requirements.  WcHk  is 
often  needlessly  delayed  and  great  inconvenience  occasioned  by  the  rejection  of  material 
that  is  better  than  the  work  it  has  to  do  requires.  On  the  other  hand,  he  will  maik  on 
the  order  sheets  the  material  on  which  the  life  of  the  structure  depoids,  and  wiil  insist 
on  its  filling  the  requirements  in  every  respect. 

"3.  Know  the  System  of  the  MiU. 

''The  Inspector  must  know  the  S3rstem  of  work  of  the  mill,  and  must  satisfy  himself 
that  the  methods  employed  are  such  as  to  prevent  the  mixing  of  heats,  and  that  they 
will  insure  the  knowing  of  the  heat  of  the  finished  material.  Some  mills  keep  a  very 
close  and  exact  track  of  all  heats  used,  while  others  are  inclined  tp  be  careless.  If  the 
methods  employed  by  any  mill  are  not  sufficient  to  keep  the  heats  straight,  the  Inspector 
should  work  with  the  Superintendent  to  better  his  system,  or  should  follow  this  part 
of  the  work  closely  himself,  so  as  to  insure  the  accuracy  of  final  results. 

"4.  Selection  of  Tests  and  Identifying  Material, 

"The  Inspector  should  determine  from  the  mill  what  material  for  his  work  is  rolled 
from  each  heat,  and  should  then  select  tests  so  as  to  represent  the  different  sections 
rolled;  for  the  working  of  the  steel  greatly  affects  the  physical  properties  of  the  finished 
bar,  thick  metal  giving  different  results  from  thin. 

"It  is  the  Inspector's  duty  to  know  that  tests  for  the  material  are  cut  from  secticms 
of  the  same  heat  that  they  represent.  All  finished  material  should  be  stamped  with 
the  heat  niunber  of  the  steel  from  which  it  is  made;  and  when  the  material  is  cut  up, 
these  numbers  should  be  reproduced  on  the  shorter  lengths.  The  heat  from  which  a 
piece  is  made  can  then  be  identified  at  any  time. 

"5.  Making  Physical  Tests, 

"The  Inspector  should  see  that  the  test  pieces  are  properly  prepared  and  of  the 
size  required. 

"a.  Tensile  Tests:  In  test  for  ultimate  strength  and  elastic  limit,  the  Inspect<tf 
should  satisfy  himself  that  the  machine  is  correct  and  that  it  is  properly  operated.  He 
should  check  the  dimensions  for  the  determination  of  elongation  and  contracticm,  and 
should  always  observe  the  fracture.  In  case  a  test  piece  should  fail  on  account  of  a 
local  defect,  or  on  account  of  breaking  in  the  grips  of  the  testing  machine,  a  retest 
should  be  allowed. 

"6.  Bending  Test  (CJold):  The  bending  of  test  pieces  can  be  performed  in  the 
way  most  convenient  to  the  Manufacturer,  but  they  must  be  flattened  down  to  the 
amount  required  in  the  specifications. 

"c.  Bending  Tests  (Quench):  In  the  case  of  quench-tests,  the  Inspector  should 
see  that  the  specimens  are  heated  properly  and  that  the  water  for  quenching  is  of  the 
specified  temperature.  The  intention  of  this  test  is  to  show  whether  the  steel,  in  case 
it  should  be  heated  to  a  red  heat  and  suddenly  cooled,  would  become  so  brittle  as  to 
render  it  unsafe.  In  some  cases  this  test  tends  to  water-anneal  the  steel;  but,  as  a 
rule,  it  hardens  it.  If  this  test  be  conducted  improperly,  the  steel  will  be  either  an- 
nealed or  rendered  worthless. 
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^d.  Hot  Tests:  In  the  case  of  hot  tests  the  Inspector  must  see  that  the  metal  is 
at  the  specified  temperature  while  being  bent  or  hammered. 

"e.  Drift  Tests:  In  making  drift  tests,  the  hole  should  be  punched  at  the  specified 
distanGe  from  the  edge  of  the  piece  to  be  tested,  and  a  drift  pin  of  proper  taper  should 
be  used. 

"/.  Special  Tests:  Other  tests,  sometimes  required,  such  as  opening  and  closing 
teste,  flattening  tests,  breaking  tests,  torsional  tests,  impact  tests,  fracture  tests,  etc., 
most  be  made  in  strict  accordance  with  the  specifications. 

''O.  Chemical  Tests, 

"The  mill  should  supply  the  Inspector  with  a  full  chemical  analysis  of  each  heat, 
which  he  is  at  liberty  to  check  at  any  time  by  making  his  own  analysis.  In  case  check 
analyses  are  taken,  the  Manufacturer  should  be  allowed  to  make  analyses  from  the 
same  drillings  as  used  by  the  Inspector.  When  the  specifications  require  chemical  an- 
alyses of  the  finished  material,  the  drillings  for  these  analyses  should  be  made,  in  the 
[sesence  of  the  Inspector,  from  one  end  of  the  fractured  tensile  test  piece,  and  the 
Manufacturer  should  be  allowed  to  make  analyses  from  the  same  drillings. 

"7.  Report  of  Tests. 

"After  all  the  material  for  an  order  is  rolled  and  tested,  the  report  of  tests  should 
be  made  in  such  a  form  that  it  can  be  easily  referred  to,  and  so  that  the  material  used 
in  any  part  of  the  structiu^  may  be  identified. 

"8.  Starface  Inspection, 

"The  amoimt  of  inspection  given  in  the  mill  is  controlled  to  a  great  extent  by  the 
spedfications.  Some  specifications  require  the  watching  of  the  steel  from  the  time 
the  raw  material  is  put  into  the  reducing  furnace  until  it  gets  its  final  shape,  and  that 
after  it  is  rolled  to  its  final  shape  each  bar  is  to  be  turned  and  examined  and  the  heat 
number  identified.  For  the  turning  of  material  all  mills  have  combined  on  charging 
12  extra  a  ton. 

"If  each  individual  piece  is  not  examined,  each  section  should  be  inspected,  to 
see  if  it  has  been  rolled  true  and  to  gauge,  that  all  fillets  are  well  formed,  that  the  web 
is  smooth  and  free  from  buckles,  and  that  there  are  no  lumps  or  unevennesses  (due  to 
defective  rolls)  which  will  interfere  with  the  assembling.  This  inspection  insures  the 
section  bdng  good,  and  that  individual  defective  bars  will  be  seen  and  rejected  during 
the  shop  inspection.  In  case  bad  bars  are  seen  while  inspecting  material  in  lots,  they 
should  be  thrown  out  at  once;  and  if  there  are  many  bad  bars,  either  all  the  material 
should  be  rejected  or  each  individual  piece  should  be  turned  and  inspected. 

"9.  Inspector's  Note-Book, 

"At  the  top  of  the  page  put  the  name  of  the  structure,  and  under  this  the  order 
number  or  any  other  niunbers  that  may  be  useful  for  reference.  Then  write  an  abstract 
of  the  specifications.  Leave  the  remainder  of  the  page  and  the  next  page  blank  for 
any  special  remarks  or  modifications  of  the  specifications.  On  the  following  pages 
make  a  classified  Ust  of  material  required;  the  different  sections  being  placed  in  a  column 
on  the  left  side  of  the  page,  with  the  remainder  of  the  page  to  the  right  blank  for  insert- 
ing prepress  data,  such  as:  Scheduled  time  for  rolling,  date  of  tests,  heat  numbers, 
etc.  When  all  the  material  of  a  required  section  is  rolled,  run  a  pencil  line  through  the 
item. 

"The  advantage  of  a  well  kept  and  simply  arranged  note-book  is  to  add  system  to 
the  work  of  inspecting,  and  to  enable  the  Inspector,  at  any  time,  to  know  the  exact 
condition  of  the  work  in  the  mill. 

"10.  Checking  and  Recording  Shipments, 

"When  material  is  shipped  from  the  mill,  the  Inspector  m  to  check  the  shipments 
and  is  to  receive  copies  of  the  shipping  bills,  containing  sections,  weights,  lengths,  and 
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heat  numbers.  After  assuring  himseK  that  these  bills  are  correct,  the  Inspector  is  to 
check  off  on  the  order  sheets  the  material  shipped,  and  is  to  put  on  them  the  heat 
numbers  and  date  of  shipment,  and  then  is  to  compare  the  actual  weights  with  the 
estimated  weights  in  order  to  see  that  the  material  is  rolled  within  the  allowable  weight 
limits.  By  referring  to  the  order  sheets  at  any  time  the  Inspector  can  determine  what 
has  been  shipped  and  what  is  still  due  on  the  order;  and  when  the  order  is  completed, 
he  has  a  full  account  of  the  heats  used  and  the  amount  of  material  in  each  heat. 
**  11.  The  Inspector  shoidd  not  allow  any  material  to  be  shipped  untU  after  it  is  tested. 

"12.  Reports. 

'^Reports  of  mill  work  must  be  made  at  the  end  of  each  week  and  should  state: 

Total  estimated  weight  of  material  on  order. 

Total  estimated  weight  of  material  rolled  or  shipped. 

Total  actual  weight  of  material  rolled  or  shipped. 

Sections  rolled  and  tested  and  weight  shipped  during  the  week. 

What  sections  are  expected  to  be  rolled  during  the  following  week. 

Remarks 

"  In  cases  where  engineers  want  reports  in  different  forms,  the  character  .of  the  re- 
ports must  be  changed  as  required. 

"Shop  Work 
"1.  Sttidy  of  Blue  Prints, 

"Before  the  shop  work  conmiences  the  Inspector  must  be  provided  with  a  set  of 
prints,  approved  by  the  Engineer  in  charge  of  the  woric.  On  the  receipt  of  these,  he 
must  first  study  the  general  plans  and  obtain  a  clear  idea  of  the  structure  in  its  entirety. 
He  must  then  study  carefully  all  points  and  details  in  connection  with  the  specifications 
and  see  that  all  notes  on  prints  agree  therewith;  for  these  notes  are  the  instructions 
to  the  shop  as  to  how  the  work  shall  be  done.  He  should  make  a  mem<H*andum,  to 
be  submitted  to  the  Engineer,  of  all  points  of  disagreement  between  drawings  and 
specifications.  He  should  also,  in  studying  over  the  details,  make  notes  on  the  prints 
of  any  points  where  difficulties  in  construction  are  liable  to  arise,  and  of  such  details 
as  must  be  absolutely  correct,  and  should  devise  methods  of  checking  and  insuring 
their  accuracy.  In  cases  where  standard  connections  are  not  used  (in  beam  and  angle 
work),  he  should  make  a  mark  on  the  print  to  emphasize  that  fact.  Where  sections 
are  given  in  poimds  per  foot,  he  should  put  on  the  print  the  thickness,  so  that  he  can 
check  up  the  said  sections  during  inspection.  He  should  note  on  the  prints  the  clear- 
ances allowed  so  as  to  be  sure  that  the  work  will  go  together  properly. 

''2.  Preparing  Material  far  Shop  Work  and  Laying  otit  Work. 

"All  sections  should  be  straight  before  any  work  is  laid  out  to  template.  The 
templates  should  be  made  of  at  leuvst  }/2"  plank ;  and  in  cases  where  a  template  is  built 
up,  the  different  parts  should  be  securely  fasten^Hl  together,  so  that  there  is  no  chance 
of  its  getting  out  of  shape.  When  a  member  is  being  laid  out,  the  templates  must  be 
in  true  alignment  and  firmly  clainpod  to  it.  The  center  punch  should  fit  the  holes  in 
the  template  snugly;  and  it  should  be  hit  with  sufficient  force  to  make  a  well  defined 
centre  mark.  When  the  template  is  removed,  all  centre  marks  should  be  marked 
with  white  lead,  and  the  location  marks  should  be  put  on  the  member. 

"3.  Punching. 

"The  difference  in  size  between  the  die  and  the  punch  should  not  exceed  the  follow- 
ing hmit:  ^/le"  for  punching  metal  up  to  }4''  thick,  and  ^/32"  for  thicker  metal. 
The  pimch  and  die  should  be  well  formed  and  smooth,  and  the  punched  holes  should  be 
free  from  jagged  edges  and  excessive  burring. 
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^ill^Kthai  the  riveting  is  well  done  in  all  difficult  places. 
;<£e  wori&is  not  being  drawn  out  of  shape,  nor  twisted, 
diifted. 

and  in  good  alignment;  and  where  work  is  ex- 
iJQ  hivire  the  rivets  make  a  good  appearance  in  ev^ 


r*r-.. 


-&eing  is  done  wherever  called  for.    He  should 
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cases  where  surfaces  are  faced  on  a  bevel,  the  bed  of  the  facer  is  the  best  place  to  check 
the  accuracy  of  the  work. 

'^  Where  built  up  sections  are  faced,  all  component  parts  should  be  securely  riveted 
or  bolted  together,  as  near  as  possible  to  the  finished  surface.  In  other  WOTds,  the 
facing  tools  should  cut  through  all  the  component  parts  as  though  they  were  a  scdid 
piece  of  metal. 

"7.  Checking  Metal, 

''All  through  the  shop  inspection,  the  Inspector  should  have  with  him  his  note 
book  on  mill  inspection,  and  should  check  up  the  heat  numbers,  in  order  to  assure 
himself  that  the  steel  he  tested  is  being  used.  In  case  he  did  not  inspect  the  sted 
himself  in  the  mill,  a  list  of  the  heats  tested  and  accepted  will  be  supphed  him  by  the 
inspector  who  attended  to  the  mill  work.  He  should  also  check  up  the  different  sections 
by  calipering  and  measuring  them. 

"8.  Weighing, 

"  When  the  work  is  finished  in  the  shop  it  should  be  weighed,  and  the  Inspector 
should  chock  these  weights. 

"9.  Cleaning  and  Painting, 

''All  steelwork  must  be  well  cleaned  of  scale,  rust,  dirt,  and  shop  grease,  and  painted 
with  the  specified  paint.  The  paint  must  be  well  rubbed  in,  and  all  cracks  and  open 
places  must  be  filled.  The  Inspector  must  have  quick  methods  of  determining  the 
character  of  the  paint  used,  and  must  make  what  analyses  he  considers  necessary  to 
determine  its  quahty.  The  knowledge  of  paints  is  a  study  in  itself,  and  special  in- 
formation and  instructions  concerning  the  specified  paint  will  be  given  to  the  Inspector. 

'*  10.  Final  Checking  up  and  Measuring  of  Work, 

"The  Inspector  should  make  a  final  inspection  of  the  work,  and  assure  himself 
that  all  dimensions  are  correct,  and  that  the  work  will  go  together  without  trouble. 
In  case  where  it  is  very  complicated,  it  should  be  assembled  at  the  shop,  the  necessary 
reaming  and  chipping  done,  and  the  different  members  match-marked. 

"Among  other  things  specially  to  observe  and  check  are:  The  distance  from  last 
hole  to  end  of  member,  chipping  of  the  countersunk  rivets,  smoothness  of  bearing 
surfaces  where  steelwork  is  to  bear  on  masonry,  and  the  proper  finishing  and  smoothing 
up  of  slotted  holes. 

"11.  Shipping. 

"As  material  is  shipped,  it  should  be  checked  off  on  the  plans;  and  the  Inspector 
should  see  that  it  is  forwarded  in  such  a  manner  as  not  to  delay  the  erection  in  the 
field.  Often  the  omission  to  ship  an  important  member  will  completely  block  the 
work  of  erection  for  a  considerable  time. 

"12.  Condusum. 

"Always  have  your  work  well  in  hand;  be  observant;  and  if  you  have  any  fault 
to  find  with  the  way  the  work  is  being  done,  speak  of  it  to  the  right  parties,  and  have 
the  required  remedy  in  the  proper  way. 

"  Be  courteous  but  firm,  and  always  mindful  of  yoiu*  duty.  Do  not  expect  perfect 
work,  but  do  everything  in  your  power  to  obtain  the  best  results  and  to  make  the  woik 
a  credit  to  all  concerned;  and  remember  that  it  is  better  to  be  respected  for  conscientious 
work  than  to  cater  for  friendships  at  the  expense  of  your  own  reputation. 

"Work  with  a  view  of  increasing  your  own  knowledge  and  gaining  in  expertness. 
Make  notes  of  what  you  observe  and  of  all  experiences  gained  on  each  piece  of  work. 

"Add  to  these  instructions  any  points  you  think  will  strengthen  them,  for  th^  are 
intended  as  a  foundation  for  the  attainment  cf  the  best  results." 
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giving  date  and  car  number  so  that  we  may  make  proper  arrangements  for  inspection 
on  receipt  at  shops.  On  completion  of  each  order  return  order  sheets  to  us  checked 
off  showing  that  each  piece  has  been  accounted  for  by  melt  number. 

"6.  Oenercd. 

''In  the  interest  of  clients  and  of  the  bridge  shops,  you  should  make  special  efforts  to 
facilitate  rolling  and  shipping,  and  should  see  that  rolling  for  items  for  your  orders  is 
completed  before  rolls  are  changed  and  that  other  orders  are  not  allowed  preferoice. 
Give  special  attention  to  following  up  odd  items  in  list,  or  arising  from  oond^nnation. 
Advise  us  promptly  of  any  imreasonable  delays. 

"General  Instructions  to  Shop  Inspectors 

'^1.  Check  the  shop  drawings  for  clearances,  and  estimate  the  weights,  when  so  in- 
structed, in  advance  of  manufacture,  reporting  results  to  us  before  shipment  begins; 
see  that  every  dimension  which  in  any  way  affects  the  assembling  of  the  work  at  the 
site  is  correct;  that  all  clearances  are  ample  and  that  the  drawings  which  you  are  using 
have  been  approved. 

"2.  Prior  to  actual  inspection,  you  should  carefully  compare  your  tape  with  the  shop 
standard,  note  the  differences,  if  any,  at  each  even  five  feet,  and  thereafter  make  the 
.  proper  allowances  for  all  measurements. 

"3.  You  are  to  keep  in  close  conmiunication  with  us,  not  only  through  report  forms, 
but  also  should  consult  us  frequently  regarding  the  standing  of  shops,  shop  methods, 
and  all  important  questions  arising  in  connection  with  the  work.  Inasmuch  as  our 
inspection  contemplates  considerable  of  our  i>ersonal  supervision,  you  should  advise 
as  to  the  proper  time  to  go  over  the  work  with  you  and  later  to  see  the  work  at  its 
most  important  stages.  This  is  particularly  intended  to  apply  to  important  riveted 
and  skew  spans,  draw  spans,  and  turntables. 

"4.  Whereas  your  authority  does  not  extend  over  shop  methods,  good  inspection 
requires  the  prevention  rather  than  the  mere  discovery  of  defective  workmanship, 
and  it  must  be  conducted  with  judgment  to  anticipate  poor  work.  It  is  also  your 
duty,  second  only  to  that  to  our  clients,  to  save  contractors  all  reasonable  expense  or 
delay;  and  you  must  confonn  to  their  right  to  prompt  attention  and  your  presence 
during  working  hours.  In  the  interests  of  all  parties  concerned,  it  is  necessary  that 
you  give  the  work  constant  supervision  and  conduct  the  inspection  with  foresight 
and  tact. 

"Inspection  During  Manufacture 

"You  should  reiul  carefully  all  si>ccification8  as  soon  as  received  and  make  note 
of  imiM)rtant  requirements.  Do  not  assume  that  all  specifications  are  alike  and  that 
general  shop  methotls  arc  acceptable.  You  should  keep  a  close  watch  on  all  details  of 
manufacture,  giving  particular  attention  to  the  following  points: 

"1.  You  should  begin  work  with  the  template  and  pattern  shops,  particularly  on 
drawbridge,  skew  span,  or  lattice  girder  inspection,  and  should  check  templates  and 
patterns  as  far  as  possible,  and  without  fail  witness  all  laying  out  of  full  sized  templates. 

"2.  Careful  surface  inspection  of  all  material  during  handling,  punching,  and 
assembhng  to  discover  defects  not  found  at  the  mills. 

"3.  Watch   straightncss  of  material,   particularly   heavy   angles  after  punching. 

"4.  Supervise  all  punching  closely;  give  special  attention  to  accuracy  of  punching 
and  use  of  proper  dies  and  punches;  have  special  care  for  cracks  developed  by  punching; 
and  watch  for  evidence  of  burnt  or  over-heated  steel,  condemning  such  rigidly.  It  is 
only  at  punching  that  slotted  holes  can  be  prevented.  Pimching  must  be  accurate  or 
the  material  must  be  rejected. 

"5.  Care  at  assembling:  Matching  of  holes  and  use  of  sufficient  number  of  bolts; 
proper  reaming;  straightncss  of  aseemblcd  members;  removal  of  all  burrs;  bearing  of 
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''17.  Weighing  should  be  known  to  be  correct,  and  shipment  should  be  watched 
to  see  that  pieces  not  accepted  are  not  shipped;  also  that  loading  is  properly  done 
to  prevent  injury  during  transportation.  Compare  actual  and  estimated  wei^^tfl 
before  shipments  leave  the  works  and  determine  the  reason  for  any  difference.  Pieces 
of  different  kinds  must  be  weighed  separately. 

"  18.  Immediately  shipments  are  made  report  to  us.  Ke^  memorandum  of  pieces 
and  weights.  When  final  shipment  is  made  compare  your  total  for  actual  weight 
with  that  d  the  shop  to  see  that  you  have  all  invoices  and  advise  us,  sending  invoices 
and  your  estimate  of  weights  and  final  report. 

''Shop  Inspectors'  Fisxl  Report 

Plans 

**  Descriplum:  As  soon  as  plans  are  received  report  a  description  of  work,  type 
of  structure,  pin-connected,  riveted  or  plate  girder,  deck,  half  through  or  through, 
single  or  double  track  (if  highway,  width),  length  c.  to  c.  and  clear;  note  if  skewed. 

Maierial 

"As  soon  as  plans  are  received  we  must  have  a  list  of  all  m^nbers,  arranged  in 
same  order  as  estimated  weights.  This  can  be  taken  from  the  plans  or  generally  had 
from  the  drawing  room  for  the  asking. 

Weights 

"As  soon  as  plans  of  bridges  are  received  weights  must  be  estimated  and  shown 
for  different  members,  grouped  into: 

"  (1)  Trusses,  (2)  Girders,  (3)  Floor,  (4)  Wind  Bracing,  (5)  Pier  Members,  (6)  FieW 
Rivets  and  Miscellaneous,  (7)  Draw  Machinery  (need  not  be  estimated  unless  under 
special  instructions).  This  can  be  done  when  list  of  material  is  made  out,  and  should 
follow  same  order. 

"Scale  weights  must  be  compared  with  estimated  weights,  and  weighing  must 
be  done  accurately,  so  that  such  comparison  can  be  made.  If  several  pieces  are  to 
be  weighed  together,  the  total  must  be  reasonably  proportioned  according  to  estimated 
weights  and  must  so  check.  This  must  not  be  permitted  for  important  pieces.  At 
completion  of  job,  compare  your  total  weigjht  with  that  of  the  shop  and  be  sure  you 
have  all  invoices. 

"Ansioer  Every  Question  Below  Within  One  Day  of  Final  Shipment, 

When  Desirable  State  Fully  in  Detail 

"1.  What  errors  did  you  find  in  plans?    How  corrected? 

"2.  Did  you  examine  all  material  and  compare  with  detail  plans  for  size  and  sec- 
tion during  shop  inspection;  did  you  condemn  any  and  why? 

"3.  Were  any  errors  due  to  incorrect  templates?    What  and  how  corrected? 

"4.  Was  material  straight  or  straightened  before  and  after  punching? 

"5.  Did  any  material  crack  in  manufacture,  and  was  it  replaced? 

"6.  How  accurate  was  punching?  Did  you  do  anything  to  watch  and  improve 
punching? 

"7.  What  was  the  size  of  dies  and  punches?    Full  size  or  sub-punched? 

"8.  Were  assembled  members  straight  and  held  tight  with  suffici^it  bolts?  Did 
holes  match  reasonably? 

"9.  Was  reaming  done?  With  what  kind  of  tool?  How  much  metal  was  re- 
moved? Were  all  the  holes  cleaned  out?  Were  burrs  removed?  Were  finished  holes 
slotted,  and  to  what  extent? 
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9Mn|s  of  mill  analysis  promptly  and  check  against 
the  material, 
defects,  evidence  of  ezceasive  gagging,  or  injury 
out  for  buddes  in  wide  plates  and  the  alignment 
for  section  and  weight,  and  do  not  leave  these 
deck, 
bending,  and  drifting  fleets;  check  the  measure- 
^bae  testhig  machme  is  properly  manipulated  and 
;»  not  exceeded.    Check  the  readings  on  the  machine, 
imder  test  and  the  character  of  the  fracture.    Do 
mill's  leoord  of  tests. 
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bond  at  rigjit  angtee  to  the  axk  of  the  member.  r  v^. 

''Look  out  for  twists,  bends,  and  kinks  in  the  flidAajilii 
that  when  leaving  the  shc^  they  are  in  pix^wr  oc^idition. 

"Verify  the  erection  marks  and  see  that  th^  are 
spiouous  place. 

"See  that  the  weights  of  all  main  members,  especudy 
leotions,  are  plainly  marked  on  the  piece  for  the  erectdi's 

"See  that  all  large  members,  particulariy  girders  *and  oiiofd 
as  to  be  headed  in  the  right  direction  on  arrival  at  the  stteL 

"Make  sure  that  all  loose  pieces  are  bolted  in  place  for  shlg^ikietfi^ 
ings,  and  that  other  small  parts  are  properly  boxed  or  otherwiM^^ , 
in  transit. 

"See  that  material  is  loaded  in  accordance  with  instruo&ds 
order  for  erection. 

"Examine  cars  on  which  material  is  loaded  and  see  thai' 
before  being  sent  out. 

"In  case  of  any  dispute  between  inspectors  and  the  manufi^ 
from  the  plans  and  specifications,  the  work  in  question  should  W) 
immediately  reported  to  the  Engineers. 

"  All  drawing  room  errors,  as  well  as  shop  errors  which  affec^ 
also  be  recorded  and  reported  immediately. 
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**  General. 

"Inspection  Bureau  should  employ  only  first-class  men  for 
experience  and  training  in  the  particular  line  of  work  on  witii|l: 
should  not  borrow  or  hire  the  bridge  company's  or  mill's 
inspectors  when  assistance  is  needed."  '  ^ 
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dMMdd  be  doiie  In  raffir  iuDd  wl  t^^ 
%  Adduflti&g  the  zbUs  or  pkeiiif  iianair  |i|ii|il| 
lirlilliMiiiig  the  outer  edges  idieii  >eirivif  Itieo^ 
iilrliWidlt  iii^^  \l 

PO^  <if  a  l^ftte/eii^,  or  flhi^w  »  hes^ 

<idihpiisiiee  with-  the  ^pedficatioiie  trnfakm  that 
ttt^dMttiettt  k  at  thnes  diBregaided,  as  in  the  ease 
Pito  l^ifders  where,  owing  to  the  faet  that  metal  at 
iniisallhg  niay  be  waived  without  risk.    Such  pistes 
4  true  onrve  and  be  free  ftam  short  bends  or 
win  bear  evenly  on  the  plate. 
l^iderB  whidi  bave  a  greater  depth  at  ihiB  centre 
llrtMi  of  tinntables,  long  floor-beams,  etc.,  the  flangb 
l^liittaQy  given  two  decided  bends,  requiring  partial 
As  such  angles  usually  occur  in  girdere  which 
bi^^metf  they  should  be  annealed,  as  called  for  in  all 
Sadc  of  facilities  for  annealing  in  most  bridge  shops, 
fThe  proper  course  for  the  Inspector  to  pursue 
the  work  on  his  own  responsibility,  but  to  take 
the  shop  manager,  and  let  his  employer  decide 
SitfiiWiling,  as  an  excess  of  strength  may  have  been 
tins  possible  defects  in  the  unannealed  angles.) 
which  has  curved  during  the  process  of 


'IPMir,''-8ub-punched  and  reamed  work  should^ 


_  jfc*   '1 »       ve    !tk  7.    ^-.  .    ■*■■ 
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f^-t 


r.^- 
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»|lijMar»  ^baM  be  fine  from  twii*,  idad,  or  bend,  eUt 
il»Mil  JjPiliiil  1^  lowajpief  1»«r 

i(^  ipe  ef  Uoeidiig  will  pBevent  tlus.) 
•y^iJ^yjPBWtig.  MkmU  m  Long  ComprntUm  Mtmbtm^r^ 
Ipgwiimiiffiwiiifin  meiDbcray  it  is  wett  to  dafmM  dkbpMi 
iMhrowiBiie.   A  twist  or  eunre  oeiibeaToide&bf 

iilMMng  bolte  have  been  xemovecL 

?*liamitonunft  Bket$.—la  dxhring  oountenRmkviivele  te 
<«i  jMi  iiiB  caeapk^Ufy  M  the  oomiteBrfafc  without 
#l»  uwBiin  AmM  be  as  Bmall  as  possible  la  oider  to  tmii 
hiliiMli  iivelsii  parliffiilarly  in  thin  materisL 

*'l)rMV  B&«te.*—M  rivets  aro  intended  and  ei^^ 
IgawBaelncal  heads  and  to  be  in  true  alignment.    Loosesivcil 
if  JOaterial  is  osiefuUy  stnui^tened  and  thoioughtsr  bdltedl 
leoiiUis  of  rivets  are  used,  and  if  the  machines  emplofyed 
the  above  preeantions  have  been  observed  the  number  of  IpoK 
be  smalli  but  when  these  precautions  have  been  negjei^  ^ 
rivets  is  likely  to  be  found,  and,  therefore^  qwdal  care 
rivets. 

"  TeaHng  qf  RweU. — ^The  premier  testing  of  rivets  lequnes  i 
Specifications  call  for  all  rivets  to  be  tight,  and  good  pradyoe 
be  no  loose  rivets  in  any  part  of  a  structure.    However,  as  jftie 
be  measured  with  instruments  of  precision,  but  can  only  bft 
depending  upcxi  the  keenness  of  the  Inspector's  ear  to 
ability  to  feel  the  vibrations  when  the  rivets  are  stnick  by  a 
like  others  depending  upon  the  testimony  of  the  senses,  are  ]|9(^ 
may  be  pronounced  as  tight  by  one  inspector  and  as  doubtful  bf 
fore,  of  the  greatest  importance  that  the  testing  of  rivets 
functory  manner,  but  tiiat  intelligence  and  judgment  should  be 
of  the  Inspector  as  to  the  fimctions  which  the  rivets  have  to 

"Important  Rivets, — In  cases  where  the  whole  strength  ol  a, 
depends  upon  the  resistance  of  the  rivets,  the  utmost  care  sbosl^' 
and  only  such  rivets  allowed  as  are  considered  absolutely  tii^bi,^; 
plate  girders,  those  connecting  reinforcing  plates  to  main 
and  those  in  riveted  connections  d  either  tension  or 
strength  of  the  connection  depends  solely  upon  the  value  of 
bearing  value  of  the  abutting  surfaces,  may  be  mentioned 
absolutely  tight.    In  rivets  which  receive  no  calculated 
wbltii  is  simply  to  clamp  the  material  together  (such  as 
members  in  alignment  (such  as  rivets  in  lattice  bars  or  tie 
absolute  tightness  is  not  imperative. 

"AUgnmmt  of  RmU, — ^The  diape  and  alignment  of 
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Mte 
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OKI  ilHleidl  ^  being  iMdM 
gtilf«ftd  thielniiWM  cf  melaL  4  j^^ 

WtenilM  AonU  be  mqipqcled  onaiittpfMnlP 

~  btSflliilo  M^oki  tli»  or  ieiOiiitip 

IHjiHfffiij^f  Mni  rtpiiiocd^  and  the  flpeed  d  loe4  ibcndi  b» 

"BiOliDf  Hio  ofidi  ol  strin^en  or  oimilar  iiMBaiiii» 

poiiwl  and  oonstitate  the  kngth  over  ikB*  esp»: 

l|i|^  iKiaeio  Mdi  fiurii  with  eodi  oilier  befoeebeb^ 

of  mxik  Mi^0m  win  be  xeduoed  unevenly  dunbif  Ihoi 

mieM  ^btttt  tiMi  thielaieaB  fequirod. 

of  ende  d  etiffeBer  an^ee  diould  ooofefQn  lo 

i§K^&m^  be  filled  end  nd  be  simply  loo^  pomdff 

'Ciiiiipef  tojt  of  plates  used  for  nanfordog  webs  of  bwiMi 

sboidd  be  aeemalely  done  l^  planing  iiill|f  f  icMl 

tlia  iNMyai  or  fthMinfil  to  whkdi  thev  are  to  eouieel* 

'j^Btetwid  CAamMlt.— The  laces  of  flanges  of  beaaaa  or 

^KNJiEt  be  planed  to  aright  an^  with  osntreofweb 

takedded  and  covered  with  oonerete).    flanges  ol  these 

**flNii  ol  square''  wHh  webs^  and  planing  is  essential 

end  shoon 

flalis  U  gnders  should  be  free  from  buckles^  but 

4hwinrerBd  until  riveting  has  been  conqileted  may  be 

does  not  exceed  )i"  in  W\    (This  is  an  old 

iifcetlve  straightening  machines  is  seldom  resorted  to.) 

•Base  or  cap  plates  of  columns,  if  not  planed, 

^fi»'is  to  ensure  a  bearing  ol  the  entire  section  of  shaft 

and  bearing  plates  at  ends  of  girders  or  stringers 

alter  riveting,  and  any  curving  or  deviation  from 


•v^^ 


ihtrimg  Manvfaeture. — Piping  or  other  interior  or 
r#0.,  oecamonally  develop  during  the  various  proo- 
liontaining  sudi  defects  should,  under  cndinary 
>  T!he  location  of  the  defect,  its  extent,  the  neoes- 
^fbe  consequence  of  delay  should,  however,  be.  taken 
conditions  it  may  be  poesible  to  make  use  of 
Mafcigwnffiing  the  strength  of  the  member  without 
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to  be  used  in  permanent  drilled  or  reamed 
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port  nwiiir  ntiimiii,  fffp4  f**?  ifefipMP 

aad  ■fiocii4ieiBM  jbovlil  bo  moiL    r- 

ittt  cImIi  cf  fUxif  hminii  ot  wtrimmi  iwi  nnt 
to.#nr  ibsl  jMdi^  ai«  oomaetly  piaoed,  gMng  llie  pfopir 
i^'IM^hQl^  Sldaiani  an  lpeqM%  aKkai  top  aaSfc  bolli 
ite  IrtiBil  aaimoBtiOMi  tx  floor  bolls*  oiid  It  li  frt  fftihlii 

wA.4mm/^'mH^  w^  nvetoed  oiid  xivoM  iiitilJKip>itt| 

**A9mnMmg  and  Beaming  SUftM  2ViMMt«— WbMH 
OQmpkto  witii  aU  traai  momben  and  ooonoctkma  in  flkfc% 
H^aana  by  lying  flat  and  not  in  a  vertioal  poritioii.    It  la^ 
imUi  tbe  tuming  of  entire  trusB,  to  use  long  ebankedioaaM 
Oft  both  ndea  of  ohoid  without  changing  position  of  immL 

'  "Camber  in  Riveted  TniMM.-— When  tnuBes  are  miiiiifWIiHi' 
of  the  web  membefs  should  be  checked  to  make  sure  that  tli9r^< 
eamber;  but,  before  reaming,  this  camber  should  bo  chsslPtil, 
to  some  extent  by  drifting  the  sub-punched  hdesi  af ter  whidi: , 
fltmty  bolted  to  hoM  bearing  joints  in  close  contact.    WDum 
are  to  be  shipped  in  place,  without  removal  after  reammgy 
of  paint  the  same  as  other  surfaces  in  contact,  otherwfsa  thigr- 
be  riyeted  in  place  at  site  without  having  been  painted. 

"Reaming  Field  Connediona  in  Riveted  Truaeee  to  T( 
large  to  permit  of  complete  asaembling,  it  becomes  neoesMi^ 
reaming  the  holes  d  each  connection  (other  than  ohoid  or  si^\ 
should  be  reamed  while  joints  are  abutting  and  in  line.)    8ll#r 
provided  with  centre  lines  and  marks  indicating  position  as 
centre  of  holes  in  member  being  reamed  to  centreline  of  meinbe|r  t# 
They  should  be  either  of  metal  or  of  seasoned  wood  with 
templates  are  to  be  preferred  if  they  are  to  be  used  on  d\ 

"Checking  Sizes  of  Pins. — ^In  pins  of  smaller  sizes,  say  Ufk 
properly  be  checked  by  ring  or  snap  gauge  furnished  by  the 
the  circumference  should  be  measured  with  a  tape  in 
eaters. 

"Checking  Pin  Holes. — ^Pin  holes  of  moderate  sise  can  b% 
usually  to  be  found  at  shops,  but  when  such  gauges  are 
diameter  pin  holes,  the  diameter  should  be  carefully 
As  the  clearance  for  pins  seldom  exceeds  ^/sa  ",  it  is 
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ot  dl  the  diotiOB  iuid 

Igte -flf ■  liie'-  <»iii4tiflg  machkiiny  bf  iDO?i|bili- 
iliif 'fiiliBh  dioidd  bd  ooaflDM  tb  tfae 
H  M^mtb^  to  oecure  ffreiitoiiytt 

It  ki  tif  tbs  greaint  ImpartanDe  to  tuM  idl'll&ft' 
taiidgn  iwcqperiy  f airt»iied  00  that  th^  ]^ 

for  oliafts  or  journals,  hubs  of  wheeb*  puttBgrHi? 

'l^p^  id  tfie  ihafta  or  asdm  to  whiefa  tli^  are  attaohisd. 

1^  liold  0adi  partB  in  place  should  liave  a  ti^t  fit 

are  pvovided  for  in  the  dedgn,  and  all  nuts 


etc.,  shouldi  besides  having  a  close 

^fiiey  are  attaehed,  be  provided  with  properly  fitting 

|iaid  to  the  fitting  of  such  keys.    If  a  hub  performs 

n^xt  to  the  bearing  should  be  faced.    Holes  in  hubs 

^imd  ooncentric  m 

iattsfy  himself  that  the  proper  material  as  called 

"ipfllBscss,  friction  roDerSy  or  balls  used  in  pivots.    He 

tttmed  and  finished  to  gauge  and  oil  tempered, 

l^yyrfflning  they  are  accurately  ground  to  their  final 

should  have  their  sliding  surfaces  finished  to  a 


should  be  cut,  and  the  teeth  of  worm  wheels 
ised  that  provisicm  is  made  for  proper  lubrl- 
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:;^M^ 
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tiflttfl  kalQiifliiui  to  aad  rnnniifitiMr  tft  tiiA 
Ahm  aMflmlbliBA  all  naits  of  tbe*  MHBiaiJiK 
ttd  utitiincihiiiiiitii,  fl^f^fP^  mIv  ^BpottStkbf 

liM|MiBtcr  abouid  ■»  thai  the  origiiud  padaigMi  fipgit 

|iMf^4|ift  biaiidt  tndeniax|;i  or  oUwr  j^iw^^Mff^tkm  BMBri^ct* 
imtenrtiao  at  dihitkin  of  aneb  painta  nhmiM  be  pctmttMt 
ind  j^cmttniMidad  bj  tlie  maanlaetaar.  .        '         ^  -  ^/r?! 

*  "^iN  (M1I9  i!f  iMi  Painl.— Wtee  'Bed  OiEide  of  I4i4'  h 
«^  Hpoed  oil  aa  the  vahidb,  It  k  fgiMifwl  that  botklead  aaii 
ab  fw  aa  to  aataUiflh  that  the  oualitv  of  audi  matoEiali  la  aa 
wlajaii  namon  i^ppoar  on  thearignial  paolcagea* 

^Red  lead  or  other  painta  omntaining  iMvy  pigOMttla  ilia 

!aeaaiinihitiixia  of  eaoeea  pigment  and  aepaiation  from  the  oStSi^ 
jaeiMited  bgr  the  uae  of  lamp  Mack  if  pemiitted  fay  the 
paHMJawMey  the  uae  of  a  amall  amount  (aay  1  gfli  per  gaSatt)  if 
an  immediate  partial  hankaiing,  thua  preventing  thia 
-atiealring.  ■  •■'■./'•■'*^ 

"Steffrdafor  ErecHan.— A  leocsd  ahouki  be  Inpt  of  aPmalfaipj 
at  aite,  aa,  for  inatanoe,  the  changing  of  riveta  from  ahop  ta 
maridng  of  parts  made  non-interchatigeable  by  reaaon  of 
poBBtbility  of  cloee-fitting  ccnmectiona,  and  the  matdnaiaridng  el 
of  which  record  should  be  fcnrwarded  to  the  erector." 
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Some  two  decades  ago  the  author  had  made  for 
inefpectors  a  rather  interesting  series  of  testi?  to 
accuracy  of  sub-punched  rivet-holes.    These  tests  nep^ 
metal  was  assembled  for  reaming  by  inserting  rods  M 
in  the  assembled  holes.    From  the  results  thereof 
the  following  clause  for  his  specifications;  and  he  hiM 
It  is  Clause  No.  83  of  Chapter  LXXIX. 


-  ■•'^■' 


m^.^ 


"AH  punched  work  shall  be  so  accm^tely  done  that,  alter 
pieces  are  assembled  and  before  the  reaming  is  oommenoedy 
holes  can  be  Altered  easily  by  a  rod  of  onensixteenth  (Vu)  olail 
that  of  the  punched  holes,  eighty  (80)  per  cent  by  a  rod  of  a 
of  an  indi  less  than  same,  and  one  hundred  (100)  per  cent 
quarter  (^)  of  an  inch  less  than  same.    Any  shopwork  noi 
ment  will  be  subject  to  rejection  by  the  Inspector."  :,  .^ 


■  v.-   .''^-    - 
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It  will  be  noticed  that  this  specification  does 
work  that  does  not  come  up  to  its  exact  requi] 
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tiiB^makini^  under  tho 

«Bit0  ol  iril  098  ptariB,  it  hmot^ 

MmA  feite  jhAll  be  of  diieofe  viirihie  «e-^^^ 

oofveied  by  the  qxieifieatioiis. '  TlhC^  ii^^ 

^▼QitM  ill:  ilub  way  to  obbin  sooae 

tlift.stfeiiiitli  of  both  mam  meooJiw 

isSbomiai  bi^  his  sttempts  to  iMm^ iite 

pfovea  iRlooQunil* 

IK  k  Inidtoe  eiEHpiiier'B  inractioe  fiiot  he  iii  il>^ 

^^     maS^^  Suohaiile^ 

etfiehfv^  is  always  hi|^y  objeotifMiahie 

a  iaafeter  today  aa  it  used  to  be,  beeauae  the 

if^toBed  metal  has  beeome  matmally  improved 

'  '*   ^;  nevi^rtheless  there  are  oocasioiis  Wbeo^  A 

^iPQ  the  qpur  of  the  moment  in  order  to  peet 

iil^jD&ipmmi  of  the  metal  hmg  rcdled  qpiei^i^^ 

Jna  to  make  the  best  of  a  bad  buaiiiesss  aiidL 

libeEsl  in  pr(q>ortioning  his  sections  (unless  the 

lideK};  and  he  diould  give  the  metol  that  he 

.tilon'  as  possible.    The  method  adopted  by 

f^ivenim  foOows: 
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OS  C0N8mBB4TI0N  OF  8tOCK  MaTBBUI* 
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miiMliBf  nitfa  the  quflstion  of  use  of  stock  materisl  st 

ll#  we  of  stock  material  is  gihren  by  our  client  aod  it 

of  tests  or  the  idmtif ying  of  metal  is  waived,  we 

Miterial  for  stie,  BectioQi  and  surface. 

His  use  of  stodL  material  is  giveu  by  client  under  the 

lie  xkntified  by  us,  we  must  make  the  attempt  to  make 

the  shop  to  fumiah  us  with  record  tests  giving 

rsilable,  a  further  endeavor  must  be  made  to 

1^  .ButeriaL    This  will  generally  be  found  to  be  im- 

are  retained  on  the  material  cut  into  commercial 

the  shop  stock  supply.    If  the  heat  numbers  cannot 

m  m  not  c(»nplete.    This  must  be  made  plain 

he  reported  only  for  what  they  are  worth. 

■'i^eiJtMOf  or  where  the  client  is  not  satisfied  with  the 

iMt  numbeiSy  the  ooty  other  way  of  detennining 
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IIM^  i^ipBBt  to  BQniti  ieolioot  of  uAiBtiti  d«iM 
^liii^MMiilidii  utinlfii  iiid  otbflf  nudi  vieoBB  ^bl  sMMnilKJbiii 
liiMi  iloflk  ifUlKmi  idmtlflflttliioii  of  oualitv  by  iioti^  if  ttMor  iii 
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Hildreth  &  Co.  have  evolved  and  patemtoda 
ouf^t  to  prove  valuable.    Hie  fottowiug  is  a 
to  the  author  by  the  courtesy  of  that  eompaiiy.   ^  i^^  i^v^^ti^i 

"Thb  Hildbbtth  DiroBiCATiiQH  Tpmp;,  ^  ^ 

"(Patoited) 

''The  established  method  of  testing  struottinl  steel  iiwiiiiii  dN 
of  the  finished  material  from  which  test  pieces  are  pfeptfved  i^' 
fiiniaoe  melt.    The  number  of  test  pieces  is  genenilly  ens  ^l^ 
tensiffliy  and  they  may  represent  from  fifty  to  ninety  tenp 
additional  pieces  are  tested  by  pimching,  drifting,  forging,  m^ 
opening  out  or  cloeing  down.   Tliis  method  of  testing  has  bM|;iak1 
the  commercial  use  of  steel,  and  (uiginally  was  valuable  ia 
furnace  charge.    A  number  of  years  ago  the  condemnation  of  \ 
At  the  present  time  there  has  ceased  to  be  any  wide  v 
IS  practically  unknown  that  an  entire  furnace  melt  is 
be  of  one  grade  of  steel,  whereas  another  has  been  spedfied. 
of  steel  in  a  furnace  has  been  mastered  and  is  now  uniform 

"As   the  steel  industry  has  developed,  greater  atl 
economies  of  manufacture  and  to  the  increase  of  tonnags,  ii!iiJ|}4|^ 
objectionable  defects  in  steel  arise,  primarily,  from  the 
from  piping,  which  affect  the  finished  product  because  of  ii 
and,  secondly,  from  defects  which  occur  because  o£  too; 
ingot,  and  from  seams  caused  by  metal  over-lapping  in 

''It  is  not  improbable  that  one  hundred  furnace  nu 
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Hi*  PIWM0  of  an  iiupeelQr  lor  fspert.    II 

|eiitod«i«^^       theoretioal  teoale  or  otliAt  itMnift  of 

^iphAiiialaiaL 
^' liteflli  is  timifid  dofim  to  •  iMnib^^  A 

%*  dfe  IH''  «t  bottom  and  2^''  at  top,  as  per  iketeli; 
jfedrt  is  ad}ta8ted  by  washen  or  pieces  of  steel  between 
iKkta^aigfiA  thali  the  pundi  itsdf  wiU  trarel  below  the 
4  cQsti^dee  equal  to  the  thidmess  of  the  metal.    The 
lidfsUbdk  of  ttie  pmiching  madune. 

the  metal  at  a  point  between  or  adjacent  to  rivet 

"i  faches.    This  deformity  is  earned  to  the  extent  of  i4" 

l^^etal  6ver  H^'  thick,  the  distance  should  equal  the  thiok- 

Ml  mseilent  practical  test  of  the  working  quality  of  Uie 

punehlng  and  drifting  test  closely  similar  to  tests  of 

win  diow  by  cracks  on  the  convex  surface.    Tests 

as  the  material  is  being  punched  and  handled  at  an  ex- 

lest.    It  is  necessary  that  the  'LayeiM>ut'  shall  indicate 

1^  test  so  that  it  will  not  interfere  with  the  riveting  of 
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ttattsg  apparatus; 

^^tp  ppy  for  first-cla8»  inspection,  the  author 
'  years  ago  he  submitted  to  several  of  the 


^;.7^!7?SS^^^^  ^^^^  ^^  ^^^^  ^^^ 

^^"^^^  A  ttllid  morc)  for  aoialler  <ai8»; 
mpriae  is  paid  in  tfak  oouirtiy  for  loppee^^ 
;  1^^        jmoe  of  t^  bert  iiiqsecticui  at^^i^^ 
lixtif  (6it^^  .to  aevenly-five  (75)  oents  per  toa;  and  il;i| 
•  ^Otti^  to  obtam  dollar  ioflpection  for 

|jM|e  bridge  of  tb^  author's  where  tibe  iiv^ieetfa^ 
mii$Dg  to  hte  ideals  of  detail,  the  actual  cost 
fod  three  cents  per  ton.    Certainly,  the 
i(^  leading  inqieeton  of  structural  stedi  slnfidA  j^^ 
moie  thorouf^  inspection  Iqr  ensuring  §A»ifiai^%m^ 
engbieer  should  insist  on  choosing  tl»  inspeeiUttis^ 
make  the  client  foot  the  bill  for  their  work.    Of  ecyQim 
^^mt  the  client  is  not  overcharged;  but  th^fe  would 
f^ffS  fixed  rates  for  the  different  classes  of  wock,  he 
overcharge  would  not  be  likely  to  arise. 

The  following  are  Hildreth  &  Co.'s  standard 
assistants  concerning  the  inspections  of  steel  rails  and  xiH^ 

"SnEcmcATioNS  fob  Inspection  of  Raob  amo 

''Standard  Tee  BaOe 

"In  addition  to  the  requirements  of  specifications,  whidb 
be  followed  doeely  by  inspectors,  attention  is  called  to  tbe 

'*Proee9»  of  Mamffacture. — It  is  important  that  the  hu/pacMtf 
upon  the  details  of  the  process  of  manufacture,  for  the 
etaDy  leave  this  to  the  manufacturer  and  that  most  of  tbe 
of  efforts  by  the  mill  to  secure  increased  tonnage  and  tbe 
details  of  manufacture  wherd>y  good  rails  are  secured.    The 
should  be  noted  and  whether  it  is  being  crowded  to  haadls  # 
than  its  rated  capacity,  and  also  the  time  of  melting, 
should  be  slow;  and  the  character  of  the  tops  of  ingots  siNWMi 
q^eeifications  called  for  stirring  the  steel  in  the  ladle  with  a 
to  the  surface.    Bottom  pouring  produces  ingots  freer  from  gsi. 
elements.    Inspectors  should  watch  such  conditions  so  as  |ok, 
the  care  used  in  pouring  the  ingots.    The  size  of  ingots  and  thi^ 
the  ingot  to  the  finished  rail  should  be  noted  and  an 
the  steel  is  brok^i  down  too  rapidly  and  the  rails  not  wdSl 
between  the  saws  should  be  watched  as  a  check  up(xi  the 
are  finished,  and  this  temperature  should  be  noted.    In 
merely  pass  upon  the  finished  rails  but  should  watch  and  be 
of  the  process  of  manufacture  and  must  report  reffording 

"Tsste.-^All  tests  should  be  conducted  by  the 
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flfaould  personally  choose  the  test  specimens  so  as  to  determine  whether  they  fairly 
represent  the  material.  They  should  particularly  endeavor  to  find  specimens  which 
repres^it  any  material  which  is  doubtful,  and  should  try  to  get  material  which  has 
been  rolled  from  the  top  of  the  first  and  the  last  ingots  cast  from  the  ladle,  so  as,  if 
possible,  to  obtain  test  pieces  in  which  may  occur  segregated  elements. 

** Section. — ^The  section  of  rail  shall  not  only  be  checked  in  the  mill;  but  when  a 
final  inspection  is  made  of  the  rails,  the  templates  shall  be  frequently  applied  so  as 
to  test  the  section  of  at  least  25  per  cent  of  the  order;  and  should  there  be  discovered 
any  variations  from  the  templates,  then  every  rail  must  be  checked. 

"The  same  procedure  must  be  followed  with  splice  bars;  and,  in  addition,  several 
joints  consisting  of  rails,  splice  bars,  bolts,  and  nuts  shall  be  assembled. 

"Length. — Inspectors  shall  frequently  check  the  standard  length  of  rail,  and  they 
should  not  entrust  such  measurements  entirely  to  the  mill  men.  Complaints  of  rail- 
roads are  frequent  regarding  variation  of  lengths;  and  such  variation  must  be  dis- 
covered and  prevented. 

*' Branding. — The  exact  branding  as  it  appears  on  the  rails  and  splice  plates  should 
be  reported,  and  it  should  be  seen  to  agree  with  that  required. 

*' Drilling. — Drilling  should  be  seen  to  be  accurate;  and  all  ends  of  rails  should  be 
examined  to  ^isure  that  the  holes  are  free  from  burrs. 

**  Straightening. — The  cambering  of  rails  should  be  watched  as  well  as  the  straight^ 
ening,  and  no  excessive  gagging  permitted.  Short  kinks  shall  class  rails  as  No.  2. 
Every  rail  must  be  sighted  for  straightness. 

"No.  S  and  Short  Length  Rails. — Care  should  be  taken  to  see  that  rails  are  properly 
classed  and  ends  painted  as  specified.  Inspectors  should  keep  their  own  record  of 
both  classes  of  rails  and  short  lengths. 

"Surface  Inspection. — Inspectors  must  make  a  thorough  and  careful  inspection  of* 
rails  by  daylight,  examining  each  rail  for  visible  surface  defects  such  as  laminations, 
seams,  fractures,  scale,  etc.;  and  they  must  particularly  examine  webs  for  evidence  of 
piping.    Every  rail  must  be  walked  and  examined  on  all  sides. 

"  IdenHficaHon. — ^AU  accepted  rails  must  be  plainly  stamped  on  the  end  with  our 
special  brand;  and  each  rail  must  be  carefully  and  finally  inspected  before  such 
acceptance. 

"Reports. — Reports  should  be  made  immediately  after  shipment,  showing  rails  ac- 
cepted and  shipped;  and  copies  of  shipping  invoices  should  be  sent  with  such  reports. 
Inspectors  should  be  particularly  al^rt  to  see  that  no  rejected  rails  are  shipped,  and 
should  advise  us  at  once  if  such  is  the  case. 

"Night  Inspection. — Where  large  orders  are  rolled  during  the  night,  the  Inspector 
in  Charge  should  arrange  either  to  be  personally  on  the  work  or  to  have  an  assistant 
present.  Where  large  orders  require  several  men  at  the  miUs,  the  Inspector  in  Charge 
will  so  advise  us,  so  that  sufficient  assistance  can  be  provided. 

"Special  Notes  for  Girder  Rails 

"In  the  inspection  of  girder  rails,  particular  attention  shall  be  given  to  see  that  the 
groove  is  absolutely  straight  and  that  the  head  is  full  where  the  tread  of  the  wheel 
runs  and  at  the  points  of  bearing  of  splice  plates.  Special  attention  should  be  given 
to  see  that  the  height  of  rails  is  accurate  and  that  the  sections  of  joints  correspond 
closely. 

"Splice  Plates 

"See  'Process  of  Manufacture*  and  'Tests'  for  Rails. 

"Bending  Tests. — Must  be  made  as  required  and  reported  by  outlining  on  report 
fonns  for  tensile  tests  or  on  plain  white  paper  of  the  same  size  as  the  reports. 
"Section. — Must  be  carefully  checked  by  templates. 
"Punching. — Must  be  accurate  and  tested  by  templates.    All  burrs  must  be  re- 
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loolai  muit  fturiwi  with  ^ii"«w>«^nii  and  ouafity 
ffa  ddoe  in  oiL    flampliwt  ohooen  at  random  mua(  be toifeodl^ 
ImiiltK  qne  end  3^'' clear  beyond  the  opi^^  BithiHyyi 

ai^  addHional  teato  must  be  made,  aoceptanoe  vrfoaed,  and  ' 
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A  short  time  a^  when  calling  at. the  New  Yorlt; 
John  D.  laaacs/Esq.,  C.E.,  Ccmsultiiig  Engineer  to  th^ 
Railway  Company,  etc.,  the  oonT^raation  turned  to 
inspection,  and  the  author  stated  (as  he  had  oa  many 
to  others,  but  had  been  contradicted)  that,  in  hi$ 
costing  only  five  cents  per  ton  is  entirely  inadequatdi 
inspection  would  cost  several  times  that  amount.    16v 
that  he  had  had  a  similar  opinion  for  many  yean,  anii 
years  previously  he  had  called  in  Messrs.  Robert  W« 
well-known  inspecting  bureau,  and  insisted  that  the^ 
him  with  a  rail  inspection  which  would  cost  much  miQi^ 
and  the  result  was  very  gratifying;  for  the  rate  of 
forthwith  reduced  to  a  small  percentage  of  what  it  had 
Mr.  Isaac's  story  was  so  interesting  that  the  author 
repeat  it  in  writing  for  use  in  this  book.    He  very 
on  October  15,  1915,  wrote  as  follows: 

"As  a  result  of  oiu*  study  of  rail  failures  occunfing  4EI|| 
became  convinced  that  the  reasons  for  many  failuree;  0|^i 
and  section  of  rail,  of  which  weight  and  section  we 
that  were  giving  good  service,  must  be  due  to  lack 
practice  or  to  improper  methods  used  which  gei 
tected  by  the  methods  of  inspection  in  force. 
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Wf^mmin^  dtm&m  and  malce  note  of^^ 

'^nff  '^lAlftiif 'li^.tw^fN^^ 'fr^fwf  *4^fTM^  into  Uw  nMwddii^* 

Mrtlttft  Mle%  tiio  Inglli  id  timA  oooopied  in  oondnelfk 

diciiiwftkii  of  tbe  mouldB  as  to  flmoothnflMi  otd..  and  1^ 

|i!<gi|»fae  in  the  ateel  pio<kicinf  department. 
iiiilimm  wiE  eiieem  and  note  tiie  tongth  df  Hme  the 
PfA^  the  teaftpieiiliite  at  whibh  they  a«e  rolM,  aaid' the 
If  K>  nOiBdr^efao  aa  to  the.amount  of  cro|y[iifig  vlitoli 

viQ  qtMerve  and  note  the  distance  at  which  the  pwa 
IBpaeaiititte  ai.wliidi  the  mils  are  finished,  note  as  to  the 
;MNi  iirith  wliioh  the  rails  are  stamped^  not  ontjr  ai  to 
^  ilisb'ipdalhre  poaitioDs  in  the  ingots  liom  nHbieh  they 
^  tt^  of  eaidbcring  wliidi  is  given  the  laiki^  and  their 
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tj^^ting  madiine  will  observe  and  record  the  bdiavior 
imile  the  four  other  men  will  have  charge  of  the  final 
alaiii^tnesBy  aocunM^  of  drilling,  £reedom  fran  flaws, 
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that  while  these  men  will  be  present  day  and  ni^t 
^Ae  Works,  the^  will  Jiot  have  power  or  authority  to 
i^thp  null;  but,  based  upon  their  observations,  if  any 
k :ffiii^  jud^nent,  may  be  prejudicial  to  the  production 
^Mpectocs  who  have  the  final  passing  upon  the  rails 
made  from  the  said  heats  or  else  to  give  them  extra 
Jf0f  rejection,  the  said  rails  can  be  put  aside  for  dis- 
and  for  final  acceptance  or  permanent  rejection, 

ly  to  pdice  the  plant  during  the  production 
infinenoe  tending  toward  careful  work  upon  the 
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fdinginKf  iQB0tiiir  iviiii  lu  fspoif; 
d  difiaiioil  Mid  ptijraiotl  fiiiMiitttrttlii^ 

fwloptioii  cf  tUB  flpflfM  ^"^ipHiJ^ -^'^ 
otiber  kmge  roadfly  ontii  in  11U4)  m  alitc4 

fafened  to^  78  per  oemt  of  aB  raflg  iiMpBCli4 

#Wd  gIvttDL  tho  flpecud  SD^actioiL 
''Tlie  diieet  beiieto  to  be  expected  aie: 

A  move  thoiouidi  compliaiipe  ivith  our 

More  thoroot^ilsr  to  insure  proper  xfiMMd  id^ 
metal;  i^^a*?" 

'^fflkould  there  be  a  departure  from  known  good 
Bminanr  manufactore  of  the  raila.  althoudi  tbis 
hgrtbe  uufpectoTi  it  would  enable  him  to  give  eq^ecs|fl|I 
IMDufactured  under  these  irregular  oondttioii8| 
poor  rails  more  certain.  v.-finr.s\^# 

'^The  indirect  benefits  which  are  to  be  expected  i^* '^"^^ 

''A  more  thorough  knowledge,  by  stuc^y  and 
mill  jnethods,  of  what  is  the  best  current  practiee  |% 
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''Having  a  complete  history  of  the  manufa0iurfl| 
vice  be  obtained  from  these  rails,  a  study  of  any 
facture  may  lead  to  a  solution  of  some  of  our  ^ — 

"On  account  of  interruptions  during  the  warn 
irregularities  often  occur;  and  the  moral  effect  of 
tiiroughout  the  mill  will  doubtless  lead  to  more  die  ioii 
mill  operatives  to  avoid  departure  from  what  la 
Practice.' 

"There  has  been  a  marked  improvement  in  quaK^ 
by  us  during  the  last  few  years.    This  improvemeiifc 

1.  "Improved  mill  practice,  giving  a  rail  moir 
defects.  --^^^^ 

2.  "Improved  rail  sections,  better  distribuopi 
uniform  rolling  temperatures. 

3.  "Improved  distribution  of  the  chemical 
segregation  and  more  homogeneity  of  materiali 
rail  failures  from  brittleness. 

4."  More  thorough  inspection."  r 

"It  is  impossible  to  segregate  the  improyi 
special  inspection,  but  we  do  know  that 
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^Imm  lor  his  ixiuitagr^  llie  wtM  IVIMlrt^ 

nff  BBWiitioiMid  doikis  tW  QOttwmttAili^ 

liWMwyqry  modoitly  refuaed  on  the  iiOQni.iiiil 

llfM  Wt  (hie  :to  tiie  aaid  dumge  tttrt^  ifpieiKlllI 

piHIlM^v^^^  T^  quote  his  0911k  iiioi^ 

:ilbh^  fulil^  immovemeat  m  due  to  Mur  me^iwdii'- 

^11011  the  esse*  ee  there  wae  a  marked  hniutyveBMttfe 
jMeh  ioqpeetion;  and^  tb^efcnei  a  atatameiit  ef 
ii  A  iillri»ter  of  liet,  does  not  give  miffidept  QioiiSt 
liMfit^  of  mannfrntm^  due  partly  to  tfaia  imuI  piatljr 
pep  to  iminroire  their  oulpit. 

Jirtter  to  you  of  the  15th  ioet.,  jrou  will  ii<^ 

f|i!f  the  impofldbili^  of  aogrogating  the  imptov^e* 

;  And  furdier  than  this  I  am  not  wifling 

ll^^flADiite  etatonent  as  to  ^ect  produced,  whatever 

ll^iii^be. 

i|j)^lil9r  Ja  that  qiedal  inqieotion  is  mie  of  the  hpp 

to  tDaprovement  in  manufacture  of  rails.'' 
Hm  pnceding  that  Mr.  Isaacs  by  inauguratinf 
j|i#  made  an  important  advance  in.  Amepcan 
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of  materials  and  workmanship  in  the  fieU^ 

wtlMi  the  author  has  prepared  for  his  field 

1  jlilfejttoray  will  be  f oimd  to  cover  the  sul^ieet 
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lligreatest  care  all  of  the  metalwork  as  fast 

^iUKto  suie  that  it  has  not  been  injured  during 

lesye  on  it  thereafter  to  see  that  it  is  not 

^8l(e  also  that  there  are  no  missing  parts. 

jaetalwork  goes  together  properly  and  expe- 

g#»  BngineRr  all  necessity  for  chipping  or  fding 
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^|b»  riveting  to  see  that  no  burnt  rivets  are 
in  accordance  with  the  specifications, 
jki  the  work.    The  inspector  should  keep 
Ihe  air  ocxnpressor,  and  should  also  see 
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IMI^te(g  and  kniiBt  grijp  ieveni  thifflrnniftfii  liiif  ^rlirtrfj^ 
]^  dxiying  nidLekete^  rivvte  or  eitfm  Ibiiif 
i  pflM^umatiid  hanmier  at  eadi  end  H^l^ 
Bee  liiat  all  Tacatit  Bpaeea  ill  tilt 
Mil  wilh  paininddiuB  or  other  wate^|>loof  oii«t#ri^ 
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fifth.    In  elevated-railroad  work  see  tiiail 
metal  the  lengths  of  the  gjrd^rs  are  suflSoientl^ 
possibility  of  using  up  the  qiaoes  provided  for 
greatest  temperature  of  the  metal  to  be  one  IkiniAMi 
d^;rees.    See  also  that  the  expansion  and  oooftrsili^^ 
cannot  injure  the  stairways. 

Sixth.    In  drawbridges,  see  that  the  mascHuy  '(i  W^ 
levelled  off  with  the  greatest  accuracy,  and  that  tiii^ilM!^ 
are  set  to  exact  position  and  level,  thus  maldttg  1^ 
surface  for  the  rollers.    See  also  that  the  latter-  ate 
bear  evenly  at  top  and  bottom  against  both  upper 
segments. 

Seventh,    See  that  the  ends  of  draw-spans  are 
means  of  the  shimming-plates  on  the  rest  piars. 
particular  the  draw  is  reversible  end  for  end;  aild  iMf- 
is  properly  aligned  so  that  there  will  be  no  binding"  idiJ||^ 

Eighth.    See  that,  before  the  operating  machiiM^^i^ 
ing  or  rolling  surfaces  are  thoroughly  lubricated, 
cleared  of  all  obstructions,  such  as  nails,  etc.,  on  the 
Then  operate  for  a  while  and  make  a  test  of  the 
compute  therefrom  the  horse-power  required  to 

Ninth.  In  vertical  lift  bridges  see  that  the 
position,  and  that  all  the  machinery  is  located 
also  that  it  is  thoroughly  lubricated.    See  that  i|1 
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5^  v^Vt 
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Li^Kgg^J^gg;^  for  anshM,  tdNk^^"''"''^^ 


^-•^^^^^ 


t^i^ 


^iT^JS^ 


'^'^' 


obmle  wbii;  Mit  tha^  aH  i««Df ofoiiic  J^ 
liv  tilM  ▼Biioui  plaoeB,  that  ibey  are  put  in  qoifaal 
>]|dd  tharcm  IM>  fifi^  tluit  thejr  wii)  mfi  be 
18  being  placed  around  them.    See  thai  if 
:tbeMiMiete  exposed  .thaii^y  is  giimi  Jii 

|al(|t  tiMSi ^eeet  ia  likdy  t^  jk^kj 


(B)    iUna 


.^>-. 


^mbi'tm  80011  as  reodved,  so  as  to  see  that  ty#e 
^    baind  escaped  the  rail-inspector^s  eye,  or  wMdi 
sj^pcnent  after  being  rejected.    Inspect  also  all 
Mf  M|de-bars»  bolts,  and  braces,  so  as  to  see  that 
and  are  delivered  in  good  shape, 
are  laid  to  exact  Ime  and  level,  that  they 
that  they  are  properly  spiked, 
make  sure  that  the  track-rails  at  the  ends 
oSin^tioii  of  the  span. 


li  ?  ?_  _^ 


iJ^iL/'k  ».:. 


are  to  be  bonded,  see  that  the  bonding  is 
the  spedfications. 

iP)    Paintikg 

»"  . 

deansing,  drying,  and  retouching  with 
Jte  first  fidd-coat  of  paint  as  soon  as  prac- 
the  next  coat  is  applied  as  soon  as  prac- 
is  thcMt>ughly  dried,  but  in  no  case  befcnre. 
fUJnto  used  are  of  the  proper  color,  qual- 
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'^'^'^JRMNIL'  flee  tta(  all  txNrtkni  'itf-lfci 
igji""  Ifljy  iiiiinngify  or  widdt  aie  to  be  eiiriMttif ^til^ 
Mct'eottfai  cf  paitit  in  doe  tiioe^Ww 
flietBliMrk  in  eroetecL  i'f^ 

(P>   BxoAtMw        ^;^^ 

M«l.    Watdi  cai«fully  aU  esoaVstioii  ea  m  to 
dooe  in  strict  aoooidanoe  with  the  q)eeifioeiieni  itidii 
naneesi  if  tiiere  be  any.    See  that,  in  doing  Ihe 
lag  the  Btruotuxe,  the  Ccmtraetor  does  not  dM^m^^p^ 

Second.    In  foundation-work  in  dtiesi  eee  titat  iA 
axe  moved  ptopeAy  and  ooiq>led  or  epBeed  €lt»iM¥li^Bil0 
or  cot  ^i^f^tjdjjir 

TkML    Whenever  there  is  any  doubt  about  tiia^iilittl 
aiqr  foundation,  test  it  by  loading  it  by  means  of  a 
and  built  apparatus.    Always  ram  thonmi^bly  any 
lefistanoe  to  load  would  be  eff ectividy  inersMad' 
that  the  material  from  the  sides  of  the  pits  is 

Fourth.    See  that  all  surplus  material  is  removed 
Cily  streets,  and  that,  whenever  any  piece  of  coisrtndiiift 
all  falsework,  rubbish,  etc.,  are  removed  from  the  site 
in  an  imobjectionable  place. 


'^i!i^ 
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(E)    FoxmnATiONB 

FinL'  See  that  the  bed-rock  is  always  jHroperiy 
the  caisson  or  masonry,  as  the  case  may  be,  letting^ 
rock  so  as  to  provide  an  even  bearing  around  the 
elling  or  stepping  off  or  filling  up  with  ocmcrete  to 

Second.    In  elevated-railroad  work,  see  that 
cated  in  the  street  their  feet  are  properly  encased  ^ 
cast-iron  fenders  are  correctly  set  around  the 
concrete  and  grouting,  then  sealed  effectively  against 
See  also  that,  after  the  columns  are  up  and  encasei^ 
laid  in  a  substantial  manner,  to  the  satisfaction  of 

Third.    When  large  steel  cylinders  are  used,-iei 
well  braced  with  timbers  on  the  inside  durii^f 
all  possibility  of  coUapee.  M 

Fourth.    See  that  proper  guides  are 
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'*  '>1«w»»' 


"^  -tt»ifiyr'  lyi^ffUfytut^  see  tb^t  tiie  fifautis 
I^|^^pi9^^      timber  bolts  is  used;  aib, 
ik^iii  wberi  long  <H)eB  are  called  tot.    See 
ISmmed. 

ete^  that  thegr  are  nervier  allowed  to  d0i4^ 

imilaon,  and  tbat  all  emm  of  posHloii  aie. 

alter  ibqr  are  diaoovered. 

ihamboa  of  caiaBons,  see  that  tiie  ccmorele 

iUie  idof,  and  that  no  vdds  whatsoever  are  kfl 


GmBNT 


tpjBpMrty  aooQtding  to  the  qpecial  instructions  there* 
ll^aeedad  for  use  that  the  Ckuitractor  shall  not  be 


sidSf-  :^\- 


.^i...  '|4i| 


^•'.:!^:^ 


.W^%t3t' 


^eeaaeiit  k  ptopeily  housed  and  blocked  iq>  above 
|bfeir#^  tiiat  the  latter  are  laid  upon  their  sides,  also 
noessary  way  protected  effectively  from  the 
09^  no  dampened  cr  otherwise  injured  cement  is 

wmiL 

fooii  as  ddivered,  and  if  possible  brfcHre  being  dumped 
IU)4  bfolDen  stone,  so  as  to  make  sure  that  thqr 
Willi  the  spedfications;  and  insist  always  upon 
lAlit^  are  r^^cted  being  ranoved  immediately  from 
jgifta^    lOf  thore  be  any  doubt  whatsoever  about 
mortar  and  concrete,  make  a  mechanical 
gmdaticm  of  grains,  and  prepare  and  test  suf- 
,;tO'«ttle  the  matter  b^ond  the  peradventure  of 
tteMooe  also  should  be  subjected  to  mechanical 
l^aQ^r  doubt  whatsoever  about  the  quality  of 
oidbes  or  csylinders  should  be  made  from  the 
al  the  end  of  seven  and  twenty-eight  days. 
$»i  proper  f onus  for  concrete  are  used  in  the 
and  abutments,  and  that  all  visible 
off  smooth,  the  top  surface  being  brought 

level, 
is  mixed  according  to  the  specifications, 
after  mbdng,  and  that  it  is  thoroughly 
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^;^'l8te^#^l%fe^ 


-.<%' .  .  > 


'V7T«H  *>^2^^^?^^i,■' :,"rr"- 


^K 


i^T?:^ 
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ff^PJlMi' 
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lyv  film  tilDlMff  tlMHMSffwHf  iMKBStt 


^-fc. 


'     Seeond.    See  that  all  piles  are  dnvrnt 

|f4  tbat  the  tqpe  are  not  unduly  ifljurid 

iMlfM  neoesHuy  to  pMfont  i|iiiltiig^  h 

1^  or  drifen  at  inoorreet  loeatioii  an  dia«m>Mii 

to  ooneot  location  as  the  case  may  be. '  ^nii^ 

Third.    See  that  all  piks  are  oiit  off  tovd^  «t 
quired,  and  that  "the  c^w  are  propeffy  ditftf4laiked 
see  that  the  superelevation  is  obtained  pmxpiufy^jmd^ 
up  on  the  caps.  >r   ^  ^x^. 

FcurOi.    See  that  all  sway-bracing  is  boiled 
and  cape.  .•*.«>•.} 

(I)    Timber,  FloobinGi  and 

Fmt,    Inspect  all  timber  as  soon  as  delivered, 
rejected  pieces;  and  see  that  all  such  pieceO  are 
ity  without  delay,  m  order  to  prevent  thdr  being  polf 
without  the  knowledge  of  the  resident  engineer.    It  is^ 
sible  to  use  the  good  portions  of  rejected  timbers; 
care  should  be  exercised  to  prevent  the  workmen  flraat-: 
material  into  the  work.    The  fact  that  all  the  timlMMr 
previously  accepted  by  the  timber  inspector  is  no 
isfactory  material;   moreover,  sometimes  it  happens 
the  inspector  has  never  even  seen  are  marked  witibt  hut 

Second.    See  that  the  floor  system  is  properljr 
the  metalwork,  that  each  rail  bears  effective 
crosses,  and  that  the  rails  are  laid  straight,  eventy. 

Third.    See  that  the  hknd-railing  is  brou|^t  tet 
is  held  there  in  a  permanent  manner.  M 

Fourth.    See  that  all  joists  in  highway 
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il^  ii  (KXHr  M  Iwiived,  to  ai  to  see  that^  il  iM 
^^^^  tbalHii  i^^  IMsriiei^^ 

d  by  tiie  itmie  ioqpe^  '  ^>' 

•toil 

b4fi»e  fliqr  wt  has  oocunei^ 

lure  tlKVOuc^y  filled  with  niorter,  gjhbiK 
I  atel  tbat  the  yertieal  |omts  a^  Sfied  by 
ilial  110  voidb  are  left  aaywfae^ 

are  set  so  that  the  top  of  4ha  pier 

plane,  aad  that  thqr  are  kept  in  place  fagr 

itfi  per  plans.. 

^plt^tei^piesed  joints  are  all  cleansed  and  pointed  in  a 

manner,  and  in  acoordanoe  witii  the  speci- 

OmnnuL  Ikbtbuctionb 

precautions  against  accidents  to  the  public 
^^lalmi  during  erectioni  and  that  no  glaringly 
^Ihework. 

than  one  contractor  on  the  job,  see  that 
4piitractorS|  and  that  their  combined  work  is 


■X  fc.f 


yd 


in  your  power  to  obtain  good  work, 
or  harassing  the  contractor,  and  use 
him  to  complete  his  work  expeditiously 
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:y^  Jb  iMpeel  to  the  ieMiBc  of  mamA  m 
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IlitoietiQgM^  irtMi  the  aiithar  hie  p!i|imd  lilt 
ilV&l  gliie  the  teeder  all  nnroMinffjinfcwIniitio^  flT 
iiff  ae  fa  posaiblei  no  farands  of  oenMnt  aie  used 

time  tiBta,  and  which  have  proved  to  be  peffeotilir 

;  FM.    In  teetiiig  oement  in  the  Seld» 
ef  hUxHtttcMy  tests  idikh  jrou  aie  to  nialadi' l^ 
to  see  that  you  are  feoeiving  and  using  Ofamenl  of  iHi 
file  standard  brand  or  brands  adopted,  aad'tiiat  it  eefeisi 


snd  lequirements  of  the  q[)eoifioations. 
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Seemi.    Look  out  f<»  inegularities  in  the  igMtt^t 
as  to  avdd  using  any  that  fa  either  too  old  or 
ingured  by  damfmess. 

Third.    Test  first  for  finenessi  second  for 
and  fourth  tcr  rise  in  tmperature,  rejecting  afi 
lor  use   because   of  non-comidiance   with  the 
particulars. 

FcurOi.    Make  also  the  boiling  test  as  speciBed.  ^^ 
for  if  any  cement  faifa  to  comply  with  its 
use,  unless,  perchance,  it  may  be  improved  by  ageing;  JHrti^ 

FiSOi:  Test  all  cements  for  the  tensile  stroigth  ^m^ 
making  one-day  and  seven-day  tests.    Never  pass  imtUiAlBtl 
tests  than  seven  days,  as  the  one-day  test  fa  by  no 

Sixth.    Make,  more  for  your  own  satisfaetioo  l6wil^M|!| 
reason,  a  few  sand-briquette  tests  for  sev^a  and 
to  know  the  value  of  the  mortar  which  you  are  using^ 
to  rely  on  sand-briquette  tests  for  the  acceptance  or 
as  thfa  would  delay  the  work  too  much. 

Seventh.    You  will  often  have  to  use  your  judglMii) 
rejecting  cement  that  is  needed  for  immediate  uei^' 
some  comparatively  unimportant  point  quite  to 
the  specifications.    Rather  than  delay  the  coni 
such  cement,  provided  that  in  your  opinion  its 
the  quality  of  the  work;   but,  on  the  other  hand, 
said  cement  will  not  delay  the  contractor  seriousljr^f 
ing  with  the  specifications  in  every  particular, 
contractor  run  in  any  poor  cement  or  force  it 
assumed  or  real  necessity  for  haste  in  c(»npletln0| 
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piof '  rtote'  for  miwinnr  the  'OTtiwr  dlfarab  lilr^iii  ~  *  - ' 


v:^^-^:^^^^- 


■i^-W^^^^ 


>Aj^a8v>^- 


'     ■*   _!:••   >-. 


dwNild  be;  tfw  feBiifirifMr  wiitnigtictii  te 
iniflMtoDd  thfti  thegr  anpljr  oidgr  to  etone  |^ 
been  inveetigfttod  aiid  found  aatitSmaibueft 

Imt  uioaUy  bgr  a  oeraful  inapeetioD  cl  ite  Ji^ 

ttngr  be  faund.    Sometimes  *  mere  Ikie  is  aOi  i^ 

ef  eudi  ffffftiifv^  while  in  other  eeaM  tiMyr  eboiir 
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^>#teiMi  ecmtainhig  seems  called  ''crow4ooty''  whiMli 
^^loh  eie  liable  to  dissolve  out  after  eiqiosuie  to  iim 
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Ss«^1«^. 


^i^'^rm-t 
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'■<:^   p  O 
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stone  is  qoamed  at  a  time  when  it  is  fiaUe  to 
,^gillii^«eap  ia  out  of  it.    Stone  should  be  quanied  pfc 
ft  is  aUowed  to  £reese* 

•no  powder  or  other  explosive  .is  used  in  quanying 

to  lemove  ledges  of  useless  stone,  and  even  then 

to  be  used  is  injured  by  the  exfdosives.. 

1)0  of  sudbi  a  character  that  the  quarry-bed  cannot 

i|ie  ieq)ector  must  mark  each  stone  in  such  a  manner 

to  be  laid  in  tl^  wall  on  the  said  quarry-bed. 

which  is  taken  from  any  portion  of  the  quarry 
at  aaqr  time  by  frost. 
aU  atone  is  handled  carefullv  after  beina  tafcen 
HaA  no  cracks  are  developed  ot  other  ii^ury  done 

jp  stones  are  cut  to  the  exact  dimensions  called  for 
^tihegr  comply  in  every  particular  with  the  qied- 
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m  Woods  and  at  Sawhillb 

of  timberi  both  in  the  woods  and  at  the  saw* 
to  his  timber^nspectors,  as  follows,  will 


^•^v 
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compare  with  the  mill  people  all  order-billsi 
'fMous  lengths,  widths,  thicknesses,  bevels,  num- 
lo^lftake  sure  that  your  order-bills  check  properly 
to  the  mill  people  and  against  the  partial  order- 
to  thdr  various  employees,  so  as  to  avoid 
ll^iiqr  be  found,  correct  them  yourself,  if  possible, 

for  correction, 
is  to  be  provided  with  a  special  stamp- 
Im  a  charactmstic  mark  which  will  identify 
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IW(&.    When  i&qpeoting  timber  be  eMrai  li^ 
the  YuioiiB  Yaaetioi  ftai  eie  ft  mi' 
ttot  oiherwiie  stated  in  ihe 
lA||e9l.e8  follows:  :  ^1 

' •         -i    « -if 

Aeoept  irtdte,  oow,  dbinoapin,  post,  biut  or 
Bi|eet  ted,  Spanish  or  water,  Uacki  bkek^jadic^  liqdl^ 
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Pmes 


Accept  white,  Norway,  long4eaf  Southern  y^iMTi 
(for  joertain  purposes  only),  and  Cuban  innes; 
Southern-red,  loblolly,  and  Rocky-Mountain  jedloiff 


Cypress 
Accept  red,  black,  and  yellow  cypress.    Reject 
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Fifth.    Secure  timber  of  as  uniform  a  character  as  {liliii^lep 
any  that  shows  large  heart-checks  or  growth-checks,  mL  ifl|irtpg' 
which  has  such  defects  of  minor  importance  withill  o^p^jpl^ 
edge  of  timber.    Avoid  all  coarse-growth,  open-fprabedriMbKri^^^ 
timber  be  procurable.  ;ii  Ve?«'  ^^H 

SixOi.    Reject  any  sticks  that  show  signs  of  SOl)nt^|B^ 
scorching  by  forest  fires,  ring-heart,  ring-shakes,  itpttQa  )9f ^ 
dark  or  discolored  spots,  or  any  other  defect  that  woiM^Jl|i|p8i 
or  diu^bility  of  the  timber.  '^'iiV^'fti 

Seventh.    Examine  carefully  by  probing  with  a  wiif 
eye  knots,  and  should  the  hollow  be  over  one  indi  (Um^ 

Eighth.  Check  lengths  of  cutting  gauges  eveiy 
occasionally  to  be  knocked  out  of  position.  Ched^ 
at  each  change  of  the  machine 
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M^.^^flf-r. 
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Imid^ed^  ete.;  and  nUisi  seod  iik 


ism        «Ad  ^i|M^     by  him  in  0(»iMci(iQAt. 
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tem^^  not  to  caxiae  l^  your  mspdofAotk  ^gr 
y^^^  iff  nooenaiy  for  doing  your  work  tiloi? 
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f  ilie  iMiihor.  dflnres  to  ^npliMJiB  liii 
to  obtam  a  truly  firsfrdbiaEi  siruetui^ 
it  prc^wriy  and  prepare  thmtyug^  fl|«f^|lMii^ 
also  to  ptovide  a  corps  of  competent  and  boMSl 
to  iBxiiah,  will  examine  carefully  and  teisrt  iM 
medi  and  wbo  will  aee  that  the  ratire  manufacture 
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Ksi  neeeBst^  lor  extrane  aoeuni^  in  tiie 
||ip  t»i(^  noogiiiied;  biil^ 

A^  tto  goinetiinefl  requit»  the  ^igtfiehing^^'i^^ 

ii  no  esGCuse  whatsoever  for  any  such  enois  ih, 
jDf  tiiai^Ealatioii  adc^ted  should  provide  a 
%fKf^$fao  even  trifling  variations  from  oomctossei  c^^ 
m  Oantractcw  should  invariaUy,  at  the  outMriti  1^^^^^ 
pmcaaitions  as  will  inrevent  the  occurr^oe  ol  fpQT  '^ 
In  esoesB  of  that  provided  for  in  the  Enpoeer^s  plilti|» 

In  the  triangulations  for  bridges  ov^  large 
sourii  the  author  makes  a  practioe  of  measuring 
and  Bach  anj^e  thirty  times;  and  no  point  is  ever 
i|  dieck  from  another  base-line,  tiius  provi<fing  a4 
lines,  which  theoretically  should  be  a  mathematiosl 
taally  varies  tiierefrom,  generally  about  a  quarts 
times  even  as  much  as  one-half  of  an  inch,  in  ritijiidmt 
feet  length. 

The  author  has  tried  both  iron  rods  and  sl^ 
base-lines,  and  has  adopted  the  latter  as  tiie  more 
tion  to  using  rods  is  that  it  is  ahnost  impossible  to  xi^'jl 
b«  Ico,  wUh  ttree  ~d.  U„.t  m™*  J»^  b.  »id^'- 
each  other  without  sometimes  disturbing  sli^tly  the 
the  rods,  when  either  lifting  or  putting  down  the  thM 
liable  steel  tape  pi^perly  handled,  tiie  extreme  enotintk 
surements  of  the  same  line  should  be  less  than  one-q^ivU|^ 
one  thousand  feet.    This  would  make  the  probaUa 
length  considerably  less  than  that  amount.    If  any 
greater  variation  from  the  average  than  one-quarter  4S|I 
thousand  feet,  it  should  be  rejected,  and  another 
be  made  to  replace  it.    This  presupposes  com 
tiie  base-line;  hence,  if  the  ground  be  veiy  irr^gulary  1 
may  be  allowed.    It  should,  howeveri  in  no 
per  thousand  feet. 

The  tape-line  used  should  be  a  new  one  for 
should  be  tested  at  the  bridge  shops,  in  comparteopir^ 
As  a  matter  of  precaution,  it  is  well  to  test  it  in 
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ifMiBi  H  -mmid  te  well  to  Imim  1|ri^^^ 

MmIt  iioiBBiftL;   An  the  wwffifflkmt  fif  rrrimniidif  ii 
gilii^  #  noi^  be  advieeble  for  earfammai^  ,MMs|i| 
detemuned  for  the  tape  to  be  wed;  btt|i|ii 
faddflBB  tluB  woiild  be  en  umieeeeBenr  lefiBfiDiHMb 
en^iil^,  aad  is  in  maiqr  leqieota  {Hwierabieyitt 
Hie  ftiitihor  has  not  xnueh  uae  for  exti9aig|| 
ilMttMm  di^eetiiy  betwaeii  pier  omtres  eitheruiiBei 
IhfejpieRi  are  finiahed,  becauee  this  method  of  meaif 
M$^  that  of  mteraeotmg  three  fiBH 

4iP0  indepeadesitfy  measured  baaedJinee.  -  Itiere 
iHlHHimmaat  t0]]iake  oorrect^  than  one  with  a  king 
JGUataffifc  pcHnta  without  intermediate  aupporta} 
llfieef  the  doidde  measurement  <m  shore  and  in  oor* 
tedioQs  one  to  make,  involving  as  it  doee  the 
the  saift  whkh  must  be  ezaetly  alike  in  botii 
I,  the  conditions  of  wind  and  tanperature 
||il:iiil€ii  nn  extent  as  to  cause  exron  that  are  veiry  dif» 
p|#^^  <&6et  measurement  that  is  of  any  real  valuei 
before  the  felsework  is  up,  is  one  made  on 
care  must  be  taken  not  to  let  the  ti^ 
teal  it  on  pluisEi  driven  on  perfect  line  into  holes 

should  be  made  in  cloudy  weather,  or  just 

|i^n|i|)ht;  and  the  temperature  should  be  noted  for 

is  all  Imgths  must  be  reduced  to  thoee  for  an 

of  seventy  degrees  Fahrenheit.    Even 

will  cause  errors  of  importance  in  the 

the  diange  in  length  per  degree  of  tem« 

toogtb  being  about  0.0000066.    For  a  base-line 

a^  vnriaticm  of  one  degree  the  change  in  length 

of  an  inch.    This,  it  is  true,  is  no  great 

ft  liability  of  there  being  a  difiference  of  as 

tiie  average  temperatures  for  measurements 

and  as  much  as  two  or  three  degrees  in  a 

Jjillft  linn.    In  using  a  steel  tape  it  is  better  to 

^^  '^  rather  than  from  the  end,  imless  the  ring 
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a  base-line  on  comparatively  level 
of  at  least  three  inches  by  one  inch 
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section  and  from  two  feet  upward  in  length,  spaced  at  intervals  of  about 
ten  feet  and  put  into  exact  line  and  level,  with  a  large  flat-headed  tack 
driven  to  line  on  each  stake  and  the  true  base-line  determined  by  the 
instrument  and  scratched  with  a  knife  along  the  top  of  each  tack.  The 
line  is  measured  by  stretching  the  tape  with  a  uniform  pull  of  six  pounds 
over  the  line  of  stakes,  keeping  the  one-foot  mark  or  the  zenMnark,  as 
the  case  may  be,  over  the  centre  that  is  cut  on  the  hub  at  the  end  of  the 
base-line,  and  scratching  with  a  knife  on  the  tack  where  the  fifty  foot 
mark  on  the  tape  comes,  then  starting  from  this  point  to  measure  an- 
other forty-nine  or  fifty  feet,  and  so  on  until  the  centre  of  the  hub  at 
the  far  end  of  the  base-line  is  reached.  The  next  time  that  the  line  is 
measured  the  first  length  should  be  thirty-nine  or  forty  feet,  so  as  to 
avoid  using  the  same  tacks;  and  each  succeeding  first  length  should  be 
ten  feet  shorter.  This  not  only  involves  the  use  of  fresh  tacks  for  each 
measurement,  but  also  prevents  any  manipulation  of  the  tape  so  as  to 
make  the  partial  measiu^ments  agree  with  those  made  previously.  In 
case  that  a  perfectly  level  line  cannot  be  obtained,  the  line  should  be 
divided  into  level  stretches,  and  where  each  break  occurs  the  length  should 
be  measiu*ed  on  the  incline  and  corrected  afterward  for  the  effect  of  the 
rise  or  fall  so  as  to  obtain  the  true  horizontal  distance.  For  further  di- 
rections as  to  measuring  base-lines  with  a  steel  tape,  the  reader  is  referred 
to  Johnson's  "Theory  and  Practice  of  Survejring." 

The  ends  of  base-lines,  as  well  as  all  intermediate  points  from  which 
triangulation  operations  may  be  conducted,  should  be  marked  by  solid 
and  secure  hubs.  In  protected  places  these  may  consist  of  six-inch  by 
six-inch  timbers,  three  feet  or  more  in  length,  driven  in  the  ground  and 
cut  off  about  an  inch  above  the  surface,  the  centre  being  marked  with  a 
tack,  across  which  are  cut  two  intersecting  lines  at  right  angles  to  each 
other. 

If  the  ground  be  subjected  to  hard  freezing,  the  timber  should  be  in- 
creased in  section  to  eight  inches  by  eight  inches,  and  the  length  should 
be  such  that  it  will  penetrate  the  ground,  if  possible,  about  three  feet 
below  frost.  The  earth  around  the  hub  location  should  be  excavated  to 
the  greatest  depth  of  frost,  then  the  timber  should  be  driven  in  or  sunk 
like  a  post  and  well  tamped,  after  which  a  stout  timber  box  with  an  open 
bottom  and  a  strong  cover  should  be  placed  around  the  hub,  and  the 
earth  should  be  packed  around  the  outside  thereof.  Finally  the  box 
should  be  filled  nearly  to  the  top  of  the  hub  with  sawdust  or  dry  sand. 
In  case  that  the  ground  be  very  hard,  or  if  the  bed-rock  be  near  the  sur- 
face, it  will  be  best  to  surround  the  hub  with  concrete,  and  protect  it 
with  a  substantial  cover  of  some  kind  to  prevent  displacement.  If  driv- 
ing or  carting  is  to  be  carried  on  in  the  vicinity  of  the  hub,  the  latter 
should  be  fenced  in  by  four  stout  posts  sunk  into  the  ground  on  the  comers 
of  a  square  of  seven  or  eight  feet  on  a  side,  the  posts  projecting  hi^ 
enough  above  the  ground  to  strike  a  wagon-box.     In  locating  all  triangu- 


t*t       . » 


'"^^^fl^ 


m^ 


^,^^^' 


'^?^r^-.- 


'   .    v^---^ 


.^  .VP,' 


^4^ 


*:♦'-=' 


^i  $hd  8^i««ii  ftr  Mungntofcinn. 


z'- 


.^^:^^c^^ 


'^fi^i 


J  "'"^'^ 


arc  tbe  (rther  bdow  the  bri^ 

tte  Mds  d(  the  baa&Jine  ahodd  bf  i^ten 
iiifeiB  etti  be  seen  theie&oin.  If  tiUb  be  &tf^' 
» would  for  any  reaaon  be  too  wtatBf 
Itji  and  itte  intermediate  hubs  on  the  baae-lkea* 
j£^  ii  piaeticabto^  should  be  run  appranmotely 
iiildbiat  axis  of  the  bridge;  but  this  is  by  no 
to  try  to  make  tibie  intersection  exactly  at 
It^owing  case,  which  represents  an  ideal  syB- 
|iin  rardy  be  utilised,  on  account  of  the  existing 
^  i$t)irtractionB  both  natural  and  artificial, 
^ioiiasts  in  running  four  base-lines,  as  shown  in 
i  angles  to  the  centre  line  of  the  bridge,  and 
equal  to  those  from  the  base-line  to  pier 
if  si^t  will  intersect  the  centre  line  at  an^es 
The  advantage  of  this  system  lies  in  the 
by  direct  sight  without  having  to  measure 
Requiring  measurement  being  the  four  right 
and  the  centre  line  of  bridge,  and  the  four 
and  checking  the  distance  between 
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'^^v  1^^  be  raq^kgred  al  Ham 

W^'^fmk  aad  by  empkqrisg  an  eztn 
iiigr  diKsrepalicy  occur.  ^  'i^:t'\ 

After  tiie  baae-liQes  are  meaaiaad  aod  Ite  lial^ 
iiep  to  take  is  to  meaaure  the  six  pripcq^  aa^ii 
Tbeae  should  be  measured  with  the  gMiteet 
the  Umb  of  the  transit.    The  programnie  f or  jwb 

1.  With  telescope  nonnal,  set  on*  left  statioBi 
boftfi  verniers  and  recced  the  readiDgB. 

2.  Undamp  vemiers,  eiet  on  rif^t  station,  dami^ 
8.  Undamp  limb,  set  on  left  statiim,  damji  ISmh^  -r^  -^^ 

4.  Undamp  yemiers,  set  <m  rif^t  Station,  daoqi  I4illi|i|i| 
fi.  Reverse  telescope,  undamp  limb,  set  on  left 

6.  Undamp  verniers,  set  on  rif^t  station,  dani{i 

7.  Undamp  limb,  set  on  left  station,  damp  linali^ 
&  Undamp  verniers,  set  on  rif^t  station,  damp 

0.  Read  both  verniers.    Record  the  reading^,    l])! 
by  four  for  mean  value.    Leave  verniers  damped. 

1.  Place  telescope  normal,  loosen  limb.    Set  Ofi; 
verniers  and  record  readings  as  a  check  against 
slight  displacement. 

2.  Unclamp  verniers,  set  on  left  station,  damp 

3.  Unclamp  limb,  set  on  right  station,  damp  limb. 
.    4.  Unclamp  verniers,  set  on  left  station,  damp 

5.  Reverse  telescope,  unclamp  Umb,  set  on 

6.  Unclamp  verniers  set  on  left  station,  damp 

7.  Unclamp  limb,  set  on  right  station,  clamp  limi%. 

8.  Unclamp  verniers,  set  on  left  station,  damp 
0.  Read  verniers  and  record.    Divide  total  angle, 

value.    Take  average  of  these  two  means  {(x  prci 

Then  set  the  verniers  ahead  on  the  limb  to  spoil 
approximating  the  value  just  determined,  so  as  tQ 
the  graduated  circle,  and  repeat  the  foregoing  p 
ing  another  provisional  mean  value  of  the  an|^,  _ 
the  verniers  further  ahead  on  the  limb  to  some 
the  same  value  as  before  and  repeat  the  operatiflqf  j^^ 
of  the  transit  has  been  utilized.    An  average  can 
several  provisional  mean  values  thus  obtained. 
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tie  ecmditicii  of  tbe  wealhefi  ti|e 
tbe  wmdi  and  the  nasaom  o(  the  trl|ii|itiM|t 

tekeoy  the  pickstmaii  itioiild  be  {vo^rided 

bfall  to  JM  tibe  "tlAIKritllUUl's  IBpltlliT 

may  be  qpent  to  no  piupoee.  Long  0Jiti|t 
rd  the  son  wfam  it  can  be  avoided* 
the  anc^  in  eadi  of  the  two  main  triifoiAii 
binimportantwork.  Ofoomseitienotneoeeii* 
mmit  in  flhort^epan  bridges;  but  in  vay  kog 
fediieed  as  loir  as  one  eeoond*  If  the  enor  in 
I  Ittg^  it  may  be  poesiMe  to  avoid  meafluring  all 
lodlBing  over  the  notes  and  ascertaining  from  Mbe 
anij^  is  most  likely  to  be  at  fault,  then  measiir- 
if  tbe  seeond  average  angle  reduces  the  total  error 
k  pnqter  limit,  all  rif^t;  but  if  not,  the  o(hor 
to  be  measured  a  second  time.  On  the  jSanie 
of  meaauiemrats  of  one  angle,  one  or  two  read- 
gMrtly  from  the  others,  tb^  may  be  thrown  out 
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that  both  intersections  of  the  bridge  tangent 
be  seen  from  one  end  oi  one  of  the  latter.    In 
0  put  in  a  hub  on  the  bridge  tangent  far 
(hidden  point  to  clear  the  obstruction,  triangulate 
i^ffmmm^  distance  from  it  to  the  hub  on  the  base-line. 

in  the  triangulation  for  the  author's  Jef«- 
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triangulation  is  a  layout  lately 
lor  his  proposed  Havana  Harbor  Bridge.    As 
tifcidge  tangent  AB  cuts  the  wharf  of  the  Havana 
)Onter  end,  thus  affording  a  long  base-line  BC 
{l|mitbeast  side  of  the  said  tangent;  but  no  base^ 
Itfie  northwest  side  thereof.    At  the  other  end 
iqoite  oUiquely  the  face  of  a  wall  DE  about 
water  and  about  fifteen  feet  above  the  ad* 
i^  baseline  AF  about  700  feet  long  can  be 
M  this  base-line  with  the  bridge  tangent  at 
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l^lMt^  AB  eaa  be  ealeulated  bgr  two 
%  diMic,  vis«i  by  the  ixm^ABF;  and 
frdm  ill  or  othennielqr  tb» 

of  ilH.    The  main  pier  mar  Mj' 
tf  Hffli  be  kxiatod  by  direel^  inaftamummA§i^ 

Kits  at  F  and  0;  while  the  otfaet  Jta^ 
irib  feet  outride  dt  the  wall  at  7,  eesa  be  looated 
iiici  C|  pnlvided  there  be  no  Tesede  along  the 
provide  for  such  a  contingency  an  intermedi^to  tranql^ 
eated  cm  BC,  and  a  short  base  line  6f  can  be  tm^iSa^^ 
to  turn  off  an  angle  of  about  forty-five  degrees  in 

A  check  on  the  accuracy  of  any  triangulation  w^lli  l§ 
comparing  the  two  (or  more)  computed  lengths  of  ili# 
between  the  intersections  thereof  with  the  base  lhM%  cpl 
such  intersection  and  a  fixed  point  on  the  tangent  en  the  |((taNMi  i^^ 
river.    The  disagreement  in  these  two  measuremeiits  ^AiNdi^lN^ 
the  limit  of  one-half  of  an  inch  to  one  thousand  feel.,:i<^J|iM^ 
accurately  such  work  can  be  done,  the  author  woiddi  A^0ktllk^ 
Jefferson  City  Bridge  he  gave  his  resident  engineer 
no  variation  from  correctness  exceeding  thre&^ii^ths  ef^ii^l 
the  main  triangulation  itself  or  in  the  intersections  iof-^jji^i 
instructions  were  followed  so  faithfully  that  no  erro 
sixteenths  of  an  inch  was  allowed  to  pass  in  any  part: 
whole  field-force  once  lost  an  entire  half  day  in 
one-half  of  an  inch  in  the  intersection  for  a  pier  cenCiiv' 
cellent  record  for  accuracy,  considering  that  the 
lines  on  the  bridge  tangent  was  a  little  over  fifteM 
author  is  generally  not  so  rigid  in  his  requirements 
was  in  that  case,  the  reason  for  such  strict 
that  it  was  the  resident  engineer's  first  experienee 
lation. 
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'llylrini  for  tbe  Pkoposed  Bridge  over  the  Entranoe  Ghannd 
lii$SKm»  Haibor,  Cuba. 


Ai& 


v.-^yi- 


y  B»  C.    The  said  work  was  done  under  his 

ipcikbM^BJitet  engineer,  H.  K.  Seltzer,  Esq.,  C.E. 

;t  betwe^i  the  oiqxxsite  base  lines  was  about 

f  iaiid  it  was  found  practicable  to  measure  base 

liNlriaiigulation.    Three  of  the  lines  were  of  ample 

80  much  shorter  than  the  others  that  the  re- 

finally  discarded.    As  there  was  a  railroad 

"fhrer  near  and  approximately  parallel  to  the 

ifmre  quite  favorable  for  base  line  measure- 

'i^OM  in  the  early  morning  before  sunrise. 
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>  .  Jitelli  of  biidm  taiifleDt  obtained  from  Hive^ 
'\m^,^^  iQcbi  and  the  graata*  vm9^9im$ 

'lighlgr  feet  deep  and  the  cuirent  ran  both  injudd 

0feat  as  fiTe  miles  per  hour,  the  piers  with  Mieir 

teeoratdy  located  tliat  it  was  found  ioqpraetioaliia 

in  any  span  Imgth.    Work  of  such  aeeiuMy  as  ti#  |^^ 

that  UMHi^  generally  oomes  direetly  oiit  ol  the 

pocket;  nevertheless  on  inqxirtant  construction  it  sbodil^^ 

m  the  least  degree,  no  matter  how  great  maybe  the 

doing  the  triangulation  strictly  in  accordance  Willi  the 

After  the  main  triangulation  for  a  bridge  is  finWii^^ 
to  compute  the  angles  to  the  various  pcmits  on  thei   *      ^"^ '^ 
during  the  sinking.    For  a  sini^  qrlindar  pier  it  wQ  fRs^ltej 
to  the  centre  only  and  for  a  iner  ccmqxMed  of  two 
tion  to  the  centre  of  each  cylinder  will  be  enoui^;  lirt^ibr  #1 
pier  it  will  be  necessary  to  locate  not  only  tiie  oen#s^  t$al^ 
point  near  the  periphery,  in  order  to  prevent  the  pistliia 
about  its  vertical  axis  in  going  down.    Aft^  the  OilslAlliWH^' 
pletedy  a  triangulation-sheet  should  be  prepaiedi  on  imk 
shown  all  of  the  triangulation  with  the  various  distances^ 
the  exact  angles  for  all  deflections. 

Foresights  should  next  be  located  for  the  bridge  tangent 
pier  points,  so  that  the  transitman  will  never  be  under^^ 
turning  off  an  angle  when  locating  a  pier.    The  pootkni  lor  aa|r. 
sight  is  generally  determined  by  convenience,  but  it  shodd  hi 
as  to  avoid  any  probability  of  disturbance.    Each  fotesig^ 
fflsts  of  a  substantial  wooden  target,  is  located  by  ixmSt$§ 
angle  as  nearly  exact  as  may  be,  putting  it  firmly  aad  sili 
place,  and  making  a  provisional  mark  upon  it.    Hbai  dblaiai 
imate  distance  L  from  instrument  to  taiget  by  either  staditf^ 
Next  measure  accurately  by  repeating  ten  times  or  ttM0 
tuaily   set   off  by  the  provisional  mark  on  the  tarpjh^^^^ 
between  this  last  angle  and  the  true  angle  deored,  as 
will  be  a  very  small  angle.    Call  it  D  and  express  it  lli:^ 

mals  of  a  second.    Then  the  desired  correction  is 

same  unit  as  that  of  L.    Finally,  set  off  the  correetiilii 
to  right  or  left  as  may  be  needed,  and  the  foiesiij^ 
will  be  obtained.    Each  target  is  to  be  marked 
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for  ^  struetuze.    Thk  will  be  better  aiqpmirtiil 
lal;  Ciiairter  LXXV^     Such  inqxiosiUBty  niaknl  1^ 
yioteetiony  aa  wdl  as  for  his  dienVa,  that  he 
lalEaraiation  that  the  oonstructioQ  work  h  bdng 
with  his  plans  and  the  qnrit  of  his  specifiealiona. 
principal  ino^itive  for  doing  the  worlc  is  the  'i 
often  happens  that  a  shortHng^ted  me  will  endMiri|r^ 
profit  l^  slighting  the  work.    To  meet  this  and  others 
during  construction,  it  is  customary  to  have  an  engja^ir 

This  resident  engineer  should  be  in  the  <Binpli|f  '^ 
engineer  who  prepares  the  plans.    His  functi(«, 
is  to  supervise  and  facilitate  the  construction  woflc. 
his  duties  are  about  as  fbllows: 

1.  To  locate  piers  and  abutments.  <  5'^'iQ*'. 

2.  To  give  line,  grade,  and  cut  ofiFs. 

3.  To  inspect  and  test  all  materials  entering  into  tluji^ 
ture,  such  as  sand,  rock,  gravel,  cement,  concrete,  and 

4.  To  supervise  construction. 

5.  To  check  daily  the  positions  of  caissons. 

6.  To  make  progress  reports. 

7.  To  make  monthly  estimates  of  work  done. 
Where  a  tramway  is  built  out  from  the  shore  Ibir; 

poses,  the  piers  can  conveniently  be  located  by  dizect 
by  running  on  it  an  auxiliary  working  line,  paralld,  S\ 
bridge  tangent.    Perpendicular  lines  are  then 
intervals  for  the  piers;  and  the  proper  offiaet  distanMil 
ard  the  bridge  tangent,  thus  locating  the  pier  oentanil^ 
is  danger  of  the  high  water  carrying  out  the  tnilli^ 
are  built  to  above  the  water  line,  a  triangulatioil:^ 
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vfthout  inydMng  more  than  one  eet  u^,  tirae, 
tibe  oha&oe  for  oroia  ereeping  hi  wlieiiTlranMI 
'firvaaade;'  All  loeatioiiSy  measuremaite,  aad^#^ 
dhrakLbe  eheoked  aeveral  timee  at  the  tina  el 
tiififjr  should  further  be  diecked  during  tlii 
ifeifaira  has  been  any  reaeon  to  jsuepeqt  that  the 
(npurDecL 

in  the  field  is  only  to  supfdeinent  ahiq) 
and  not  to  eupovede  ttem.    Metal  should 
af  its  unloading  to  see  that  it  has  not  been 
Ipll^pieoes;  have  been  lost  in  transit.    Timber  also 
rflia  time  of  unloading  to  see  if  it  conforms  with 
to  soundness,  freedom  from  knots  and  cracks, 
proper  sise,  and  that  the  amount  delivered 
^Ordinarily  it  is  the  Contractor's  business  to  do 
Engineer  should  satisfy  himself  that  it  is 
in  car  at  time  of  delivery  for  hardness 
I  ^*tfiand|  also,  should  be   similarly  inspected. 
bom  the  bed  of  the  river  at  or  near  the 
iaqpected  for  cleanness  and  tested  for  per* 
'ilb  Used  for  concrete.     The  test  for  voids 
JkHiplatform  scale,  like  those  used  on  store 
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counters^  and  a  bucket.  The  bucket  is  first  weighed,  then  filled  with 
water  and  weighed  again;  then  by  subtracting  the  weight  of  the  bucket, 
the  net  weight  of  the  water  is  obtained,  which,  of  coiu-se,  is  proportional 
to  its  volume.  Empty  the  bucket  and  fill  with  gravel  and  weigh,  then 
fill  with  water  and  weigh  again.  The  difference  between  these  last 
two  weights  represents  the  amount  of  water  required  to  fill  the 
voids.  This  difference  divided  by  the  weight  of  water  filling  the  bucket 
alone  gives  the  required  percentage  of  voids.  It  is  frequently  possible 
to  decrease  the  percentage  of  voids  by  adding  coarser  or  finer  material 
to  the  aggregate,  and  the  engineer  should  experiment  in  order  to  deter- 
mine whether  such  decrease  can  be  effected;  because,  generally,  the  sav- 
ing of  cement  thus  effected  overbalances  the  slight  cost  of  adding  material. 

The  cement  should  be  sampled  and  tested  after  it  has  arrived  on  the 
work.  The  usual  tests  to  be  made  in  the  field  are  for  time  of  setting, 
soundness,  and  tensile  strength.  These  should  be  conducted  in  accordance 
with  the  specifications  of  Chapter  LXXIX. 

It  is  desirable  to  have  some  check  on  the  quality  of  the  concrete  being 
produced  as  the  work  progresses.  The  simplest  procedure  is  to  make 
small  beams,  say  4''  X  4"  X  26",  and  then  determine  the  modulus  of 
rupture  by  bending  tests.  The  compressive  strength  may  be  approxi- 
mated by  the  formula, 

/,  =  (8.64 -h  1.8  logioil)/|. 
where /e  =  compression  strength. 

A  =  age  of  sample  in  months, 
and     ft  =  tensile  strength. 

A  better  check  is  to  take  samples  of  the  concrete  from  the  batch  as  it 
is  being  placed  and  put  into  cylindrical  moulds  about  8'^  in  diameter  and 
16''  long.  These  should  then  be  stored  so  as  to  be  imder  practically  the 
same  conditions  of  temperature  and  moisture  as  the  concrete  in  the  work. 
These  cylinders  can  then  be  tested  from  time  to  time  in  a  compression 
machine  at  the  nearest  laboratory.  Cylindrical  samples  are  to  be  pre- 
ferred to  cubes,  because  the  concrete  specimen  fails  along  diagonal  planes 
at  about  55  degrees  to  the  horizontal.  In  the  case  of  cubical  specimens,  the 
friction  of  the  specimen  on  the  plate  of  the  testing  machine  is  sufiicient 
to  give  an  apparent  higher  resistance.  This  sampling  of  the  actual  con- 
crete as  it  goes  into  place  and  its  subsequent  testing  have  a  wholesome 
moral  effect  on  the  contractor  and  lead  to  a  more  careful  mixing  and 
adjusting  of  the  percentage  of  water,  as  a  material  difference  can  be 
produced  in  the  strength  of  the  concrete  by  changing  this  factor.  Again, 
the  knowledge  of  the  actual  resistance  of  the  concrete  as  placed  is  of 
value  to  the  designing  engineer  in  guiding  him  in  future  work. 

According  to  the  specifications  given  in  Chapter  LXXIX,  the  con- 
tractor has  the  privilege  of  having  any  of  the  materials  used  on  the  work 
tested  at  other  places  than  the  site.  In  that  case  the  resident  engineer 
will  send  a  competent  inspector  to  each  point  indicated  by  the  contractor, 
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but  the  latter  must  then  bear  all  the  expenses  of  every  kind  incident  to 
such  testing,  including  the  salary,  travelling  expenses,  and  board  of  the 
special  inspector.  This  privilege  is  often  utilized  in  the  case  of  cement, 
piles,  timber,  crushed  rock,  and  creosoted  timber. 

In  having  such  testing  done  at  a  distance  from  the  bridge  site,  on 
account  of  its  special  character  the  engineer  assumes  a  certain  moral  but, 
posably,  not  a  l^al  obligation  to  make  such  inspection  final,  although 
the  specifications  contain  a  direct  statement  to  the  contrary.  On  this 
account  care  should  be  taken  to  send  only  an  experienced  inspector  on 
such  special  work,  and  in  most  cases  the  engineer  should  rely  upon  his 
thoroughness  and  judgment.  If  he  passes  a  lot  of  material  that  is  unfit 
for  use  in  the  construction,  such  inferior  material  has  to  be  rejected  at 
the  bridge  site;  and  immediately  there  arises  the  question  as  to  who 
shall  bear  the  pecuniary  loss  involved  by  such  rejection.  The  contractor 
feels  that  he  should  not  be  called  upon  to  statid  it,  for  he  has  done  all 
that  ]ies  in  his  power  to  secure  good  material,  even  to  the  extent  of  pay- 
ing for  the  extra  cost  of  the  inspection;  the  supply  man,  often  chuckling 
to  himself,  says,  "You  accepted  the  material  and  that  settles  the  matter 
as  far  as  I  am  concerned";  the  client  sajrs  to  the  engineer,  "I  don't  see 
why  I  should  be  made  to  bear  this  useless  expenditure — ^what  am  I  pay- 
ing you  for?"  The  negligent  or  culpable  inspector  is,  of  course,  too  im- 
pecunious and  irresponsible  to  assmne  the  pecuniary  responsibility;  and 
the  engineer  is  not  paid  a  sufficiently  large  fee  to  warrant  his  guarantee-, 
ing  the  client  against  mistakes  of  his  employees.  If  the  question  were 
brou^t  before  a  jxuy,  in  spite  of  the  specifications  providing  to  the  con- 
bary,  they  would  probably  saddle  the  expense  onto  the  client,  unless  it 
could  be  shown  that  there  was  fraud  involved  on  the  oart  of  either  the 
supply-man  or  the  contractor. 

A  case  of  this  kind  arose  lately  in  the  practice  of  the  author's  firm. 
It  became  necessary  to  inspect  some  railroad  ties  for  a  large  viaduct;  and 
the  only  man  available  was  a  young  university  graduate  of  seven  years' 
experience  in  office  and  field — an  honor  man,  by  the  way.  He  was  given 
a  copy  of  the  specifications  and  some  sound,  practical  advice  before  start- 
ing; but  the  result  was  disastrous,  for  he  accepted  several  car  loads  of 
ties,  half  of  which  were  imfit  for  use.  They  were  crooked,  under-sized, 
and  rotten.  The  outcome  of  the  matter  was  that  by  mutual  agreement 
the  loss  was  to  be  borne  equally  by  the  contractor  and  the  engineers,  the 
fomier  being  pimished  for  having  dealt  with  a  notoriously  tricky  supply 
man  and  the  latter  for  their  failure  to  select  an  experienced  inspector. 
This  case  is  quoted  as  a  warning  to  all  resident  engineers  to  be  careful  in 
their  selection  of  inspectors  for  the  examination  of  materials  at  places  other 
than  the  bridge  site. 

The  author  at  various  times  has  had  occasion  to  inspect  for  his  work 
great  amounts  of  timber,  some  single  orders  involving  as  much  as  ten 
or  twelve  million  feet  board  measure,  and  he  has  almost  invariably  had 
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«l4r. '  This  is  veiy  diflhnitt  to  xemoYi^  and  ifei^ 
we  bttd,  notwithmtonding  all  that  may  be 
tease  when  little  himps  of  day  become  miwd 
•small  surfaces  where  the  strength  is  but  Ue^ia 
clay  were  thoroughly  dry  and  mixed  tsmkaai^ 
that  would  be  an  entirely  different  oonditiott; 
an  increased  strength  in  the  oonorete.    It  iSf 
resident  engineer  pay  special  attention  to  the 
his  concrete;  and  any  inspector  whom  he  sends 
stone  at  the  crusher  should  be  one  whom  natoMJMHf 
back-bone. 

The  supervision  of  construction  means  seeing 
specifications  and  plans  are  being  carried  oat. 
neer  is  called  upon  to  exercise  good  judgment  and 
distinguish  between  those  operations  which  direetigr 
of  the  structure  and  those  which  are  incidental  '^uA 
major  operations.    For  example,  the  location  of  ft 
of  a  pile  driver  are  of  the  incidental  order,  bat  4lii^% 
Crete  deposited  by  that  derrick  or  the  positiofi 
pile  driven  by  the  pile  driver  are  of  the  major  ofdfe 
to  the  satisfaction  of  the  engineer  as  defined  by 

While  the  engineer  may  very  property  maks^ 
cidental  operations,  especially  if  called  upon  to  do 
it  is  better  policy  to  refrain  from  giving 
contractor  manage  his  own  business  as  far  as 
out  the  plans  and  specifications.    It  should  ba 
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ttt  aoiidiidi^fa^  operations  with  mucb  mofe  osf^ 
In  ita  true  position,  if  he  be  kept  infornasdM 
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aaqr  task,  for  tlie  approximsto  alignment 
points  located  on  the  stagingi  wliieh 
<shecking  to  see  that  the  said  staging 
If  there  be  no  staging,  all  locaticms  will  have 
and,  as  before  stated,  two  points  on  each 
Ifi^  ^  detect  rotation.    When  the  caisson  has 
^  f  however  the  liability  to  rotate  is  greatly 
may  be  said,  the  work  of  keeping  the  pier  in 
on  local'  conditions  and  many  varying 
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All  went  well  till  the  point  was  reached  where  thflf 

that  two  lines  are  parallel  when  they  are  not.    lliefQiiiiil 
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and  the  formula  would  be  total^  incorreotP    The 

is  any  serious  incorrectness,  you  are  at  fault  for 

caisson  to  get  so  much  out  of  positicm;  but  even  if 

involved,  the  first  sinking,  if  properly  managedi  w91  j 

able."    It  was  difficult  to  convince  tiie  young  mmii 

away  from  the  technical  school  long  enough  to  km  hiiv 

matical  formulse,  that  the  method  was  proper,  but 

a  few  times  he  became  firmly  convinced  of  its  usefilii^Ml 

factory  character.    Every  since  then  it  has  beoi  a  pii|  ^ 

of  the  author's  field  engineers.  ;.  r,-M 


Method  of  Locating  thb  Position  or  a 

Sinking 

N.  B.    The  subscripts  generally  indicate  a 
the  plane  corresponding  to  the  letter  of  the  subscriplr  ^ 

In  Fig.  61a,  showing  a  top  view  of  the  cahsoii^ 
two  coordinate  vertical  planes,  the  former  on  the 
latter  at  right  angles  thereto  and  containing  Hb^ 
axis  B  AC  of  the  caisson;  t.  e.,  the  vertical  axis  of 
passes  through  the  point  A.    D^E^  F,  and  0  aie 
the  four  comers  of  the  crib  or  caisson.    Let  Hmj 
angle  of  the  crib  at  any  time  during  sinking  be 


■"s. 
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letters,  and  that  of  the  bottom  at  the  same  time  by  the  letters  marked 
seconds. 

The  fieldwork  consists  of  the  nmning  in  of  the  lines  XX  and  FF, 
finding  their  intersections  with  the  edges  of  the  crib,  thus  locating  the 
points  B'  and  C  and  determining  their  distances  from  the  coordinate 
axes,  and  taking  levels  of  top  of  crib  at  the  four  comers. 

It  is  imderstood  that  the  vertical  distances  from  bottom  to  top  at 
the  four  comers  have  been  measured,  marked  on  the  timber,  and  recorded 


Fio.  61a.    Pofiition  of  Caisson  During  Sinking. 


in  the  note-book,  so  that  if  the  top  surface  of  the  crib  is  not  truly  parallel 
to  the  bottom  surface  of  the  caisson  the  elevations  of  the  four  corners 
at  the  top  can  be  corrected  accordingly  so  as  to  make  the  two  planes 
parallel. 


Let  ftaj 
Let  Cr 
Let  c4 
Let  by 
Let  Cy 
Let  a^ 
Let  h 
Let  I 
Let  w 
let  Bd 
Let  e^ 
Let  6/ 
Let  Cg 
Let  Cm 


perpendicular  distance  of  B'  from  XX. 
perpendicular  distance  of  C  from  XX. 
perpendicular  distance  of  A'  from  XX. 
perpendicular  distance  of  B'  from  YY. 
perpendicular  distance  of  C  from  YY. 
perpendicular  distance  of  A'  from  YY. 
height  from  bottom  of  caisson  to  top  of  crib, 
length  of  crib  {FG  or  DE). 
width  of  crib  {DF  or  EG). 
corrected  elevation  of  corner  Z>' 
corrected  elevation  of  corner  E\ 
corrected  elevation  of  comer  F\ 
corrected  elevation  of  comer  G\ 
mean  of  Cd,  e«,  e/,  and  Cg. 


...■■ir. 
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An^r  #MftsAfli^A  ^VMHkflbifc'i 


C*  ft    ' 


iUlrtiQr  ii 
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^m 
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1  But  as  Ibe  lineB  J^F'  and  Jff'O'  aie  imty 
|l«pe  JOT,  no  error  of  ooDflequenoB  will  te 
tiUi  va^iatkm  is  paraDel  to  ZX,  therefoie  1 
beliien  ifeie  pixijeetmis  ctf  A'  ahd  A''  on  aipgr 

'        r    - 


iM 


jR>iK:.V»-"%t.-AV^^ 


t„  •- .*•  i'-- 


N^ 


riU^i 


^^^. 


Similarly  tiie  distance  parallel  to  YY  I 
and  A''  on  any  horiaontal  plane  is 


The  coordinates  of  A"  in  relation  to  XX  and  YY 


'S  - 


■  V- 


•*  <rl' 


rr'^TWip'? 


>    '^  •  «»;: 


X"  «  Oy  =fc  a: 

The  corrected  heights  of  the  four  comers  above  and^lltf|M|; 
mean  plane  are  respectively. 

Vd  =  «d  -  «» 
»«  =  ««-  Cm 
«y  =  ^  -  €» 


:.»■.♦ 


•    ft**;: 


t  -'.ii 


1^ 


itSt  ^ 


The  amount  that  the  crib  has  been  rotated 
measined  by  the  sine  of  the  angle  of  inclinatioii ' 
the  line  D  E,  or 


■'it^"t^ 


viiii!* 


I 


Sine  6  =  (c^  —  o^)  -J-  4" 


hL. 
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The  data  to  be  given  daily  to  the  contractor  are  as  follows: 

1**     How  much  too  far  North  or  South  the  point  A'  is. 

V    How  much  too  far  East  or  West  the  point  A*  is. 

3^    How  much  too  far  North  or  South  the  point  A"  is. 

^     How  much  too  far  East  or  West  the  point  A"  is. 

5^  How  much  each  of  the  four  comers  is  high  or  low  above  mean 
plane. 

6**  How  much  the  crib  is  rotated  about  its  vertical  axis,  and  in  which 
direction  is  the  rotation. 

This  information  is  given  respectively  by  Equations  1,  2,  6,  6,  7,  8, 
9,  10,  and  11. 

In  case  that  the  points  B'  and  C  both  He  on  the  same  side  of  YY^  the 
agn  of  6,  in  Equation  2  would,  of  course,  have  to  be  changed,  making 
that  equation 

In  applying  Equations  5  and  6,  care  will  have  to  be  used  in  regard  to 
the  signs;  but  it  is  easy  to  see  in  any  case  whether  the  terms  are  additive 
or  subtractive. 

The  contractor  should  be  instructed  to  use  the  engineer's  height- 
marks  at  the  comers  when  correcting  the  position  of  the  crib  instead  of 
measuring  from  the  corners  of  the  timber  or  metal  as  actually  built. 

Records  and  Reports 

The  business  of  making  records,  reports,  and  estimates  is  a  most 
important  one  for  the  resident  engineer.  To  systematize  such  work  and 
produce  a  uniformity  of  results,  the  author's  firm  has  prepared  a  com- 
plete and  detailed  set  of  instructions  for  its  resident  engineers,  from  which 
the  following  is  quoted: 


Records  and  reports  are  for  information,  the  latter  for  the  present 
information  of  the  Main  Office,  and  the  former  for  the  present  use  of  the 
Resident  Engineer  and  for  the  ultimate  information  of  the  Main  Office 
Records.  They  should  be  legible,  concise,  and  comprehensive — permanent, 
accurate,  and  intelligible.  This  requires  orderly,  systematic  arrangement. 
Blanks  for  records  and  reports  will  be  fumished  from  the  Main  Office. 

(a)  Records. 

The  Following  Records  Are  To  Be  Kept 

1.  Records  of  Progress  of  Work. 

2.  Daily  Record  of  Work. 

3.  Material  Record. 


'■■^'S:^^}'^ 
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IfWriUlir. 
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7»  ESq^Qoae  Aeeomiti  (liioiitlilgF)*  ^r  r  t>4 

S>  gikhwiifiBft  Woirk  Acccwiito>  k  \hm^ 

i.  Rtcmtdi  cf  PtogreBs  of  TFiori. 

BeoofdB  ef  tlie  pEOgresB  of  the  woilc  AaAlit 
SMii&g  Staff  BeportB,  amplified  wbue  mfmmiS 
fopgr.  of  eadi  report  aa  hraeafter  specified  to  be  aiil 
fagr  filiiig  otherieporta;  and  by  the  leeorda 

%  DaHv  Record  of  Work. 

The  daily  record  of  woric  wiU  be  giyea  by  Hie 
port»  amplified  by  attached  notes  where  necessaiy. 
woik  where  one  man  does  all  tiie  inq)ection  and 
may  be  kept  in  a  bomid  diary  similar  to  Diaxy 
llie  Excdaior  Diary  Co.    For  all  woric  where  more 
pkyed,  the  daily  reocnd  is  to  consist  of  a  serie|S  of  ljBam§ 
witli  McGill  fasteners  on  card  backs,  or  to  be  ffied 
boZ|  one  leaf  to  be  made  out,  nwnbered,  dated,  iBdld 
plpyee.    These  are  to  be  received  by  the  Besidei^V 
than  the  following  morning,  to  be  checked,  coimtenigM^ 
own  card  is  to  accompany  the  others  and  give  a  gmnl 
entire  work. 


da.,4n«<i- 


m^ 


ps^-'-fv.-. 
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^^jj6|^^(^^\  ^^ 
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?ilf^1.   . 
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SaMPIiB 
WADDELL  k  HARRINGTON 

ENGINEERINQ  STAFF  BEFCAT  " 

Job:  Little  River  Bridge 

The  following  work  was  done  today  under  my  suporvition:  . 
12  men  concreting  base  Pier  2, 

used  300  sacks  cement — about  ^o';"^ 

60  yds.  of  concrete.    Delayed  r  >  ,^^ 

one  hour  for  cement. 
Gave  elevations  for  top  of  con- 
crete of  base.  ^i-U^^ 

OJK.  '^^i^ 

MJ.M  :;i:  ^ij 

Ckmdy. 
My  time  10  hrs. 


>4. 


-1 


n\s. 


»ir 


''Daily  Records"  are  to  be  made  daily  and  Mi 
ink.    They  are  to  include  by  each  man,  for  the 
a  general  epitome  of  the  disposition  of  the 
ment,  with  approximate  quantities,  of  what  hpi 
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such  items  of  conditions  for  work,  weather,  and  of  especial  moment  which 
are  of  interest.  Where  instrument  work  or  other  engineering  work  has 
been  done,  a  statement  of  what  has  been  accomplished  is  to  be  given. 

If  mixing  and  laying  concrete,  there  must  be  stated  the  nimiber  of 
yards  mixed  and  the  number  of  barrels  of  cement  used.  (This  latter  item 
will  be  gotten  from  the  Contractor's  office  or  from  the  man  keeping  count 
of  barrels.)  If  driving  piles,  there  must  be  noted  the  number  of  piles 
driven  and  the  approximate  penetration  for  all  piles. 

If  the  bridge  is  not  in  or  near  a  town,  and  the  contractor  has  to  main- 
tiun  a  camp  for  the  boarding  of  the  men,  the  Engineering  Staff  shall 
make  arrangements  to  board  with  the  contractor,  unless  there  is  some 
place  in  the  vicinity  where  board  can  be  obtained.  In  any  event,  where 
the  work  is  away  from  a  town  or  city  so  that  the  Engineer's  staff  can 
be  in  office  after  working  hours,  the  daily,  weekly,  and  all  other  reports 
can  be  made  out  then;  but  if  the  work  is  in  a  town  or  city,  the  crew  will 
become  scattered  after  working  hours.  In  that  ca^e  each  man  must  turn 
in  his  report  promptly  at  7  a.m.  of  the  morning  after  the  day  which  the 
report  covers,  so  that  the  Resident  Engineer  or  his  assistant  can  mail  his 
dsdly  report  not  later  than  noon.  If  this  is  carried  out,  the  matter  of 
getting  up  the  reports  will  take  a  very  small  amount  of  time  each  morning. 

If  orders  for  special  work  or  special  instructions  to  Contractor  have 
been  given,  note  should  be  made  thereof  for  the  order.  Give  details  in 
figures  or  approximate  figures;  for  instance,  do  not  say:  "Piles  we  have 
been  waiting  for  came  in,"  but  say:  "60  piles  in  today,  have  been  waiting 
for  ihem  since  May  20th." 

3.  Material  Record. 

A  record  of  materials  received  is  to  be  kept  in  a  bound  book,  and  en- 
tries are  to  be  made  not  later  than  the  day  after  the  material  is  unloaded. 

The  Contractor  is  to  be  requested  to  furnish  this  daily  information  in 
suitable  memoranda;  and  he  may  be  advised  that  the  make-up  of  his 
monthly  estimate  will  depend  on  the  promptness  and  accuracy  of  his 
information.  Car  numbers  and  shipment  numbers  are  to  be  given. 
Materials  delivered  by  wagon,  boat,  or  raft  are  to  be  so  noted. 

The  daily  record  sheets  are  to  contain  sufficient  information  to  check 
{^proximately  the  Contractor's  data. 

It  Is  Not  the  Duty  of  the  Engineer  to  Check  or  Receive  Material. 

He  is  in  no  way  responsible  for  materials  or  their  storage. 

The  Engineer  shall  not  make  out  detail  bills  of  materials  or  in  any 
way  assume  responsibility  for  the  amounts  ordered.  He  shall,  however, 
determine  in  a  general  way  the  times  that  various  materials  should  be 
received  and  shall  remind  the  Contractor  of  his  needs. 

The  Contractor  shall  be  required  to  furnish  likewise  daily  a  memo- 
randum, giving  the  number  of  men  and  foremen  working  each  day  and 
the  disposition  of  forces.  Details  of  time  and  oayment  are  not  desired 
but  merely  the  nimiber  of  men. 
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In  case  the  Purchaser  furnish  certain  materials,  he  shall  furnish  also 
a  material  man  to  receive  and  receipt  for  such  materials.  This  is  not 
the  Engineer's  duty.  If  the  Purchaser  has  no  staff  on  the  groiuid  the 
Resident  Engineer  will  employ  a  suitable  man  whose  salary,  together 
with  all  expense  involved  in  looking  after  the  Purchaser's  material^  shall 
be  paid  by  the  Purchaser,  usually  through  the  Contractor  imder  Unclassi- 
fied Work. 

4.  Field  Notes. — (We  recommend  Dietzgen  Books — ^Field  Book  400: 
Level  Book  410.) 

Full  and  definite  field  notes  are  to  be  made  of  all  siu^eys  and  mea- 
surements. They  should  be  complete  in  every  detail  and  prepared  in  a 
neat  and  legible  manner.  Notes  and  sketches  should  be  clearly  made 
with  a  hard  pencil  so  that  they  will  not  become  blurred. 

An  office  field  book  is  to  be  kept  in  the  office  and  not  taken  on  the 
work;  and  into  this  are  to  be  copied  the  -notes  from  the  field  books  used 
in  the  field.  This  copying  may  be  avoided  by  the  use  of  loose-leaf  note- 
books, the  sheets  of  notes  being  merely  transferred  to  the  office  book. 
Such  notes  as  are  needed  again  in  the  field,  as,  for  instance,  distances  or 
bench  marks,  may  be  copied,  as  required,  from  the  office  book. 

In  using  the  loose-leaf  system,  each  leaf  should  bear  the  date  of  'work 
and  the  name  of  the  compiler  so  as  to  be  complete  in  itself. 

When  corrections  or  additions  are  made  to  field  notes  after  they  are 
placed  in  the  office,  they  should  be  in  ink  or  colored  pencil  over  the  sig- 
nature of  the  corrector  and  with  date  of  correction  given.  No  erasures 
in  field  notes  are  permissible.  Erroneous  work  is  to  be  crossed  out  ajid 
correct  work  given  near  by. 

The  details  of  handling  field  notes  will  be  left  as  much  as  possible 
to  the  preference  of  the  Resident  Engineer,  but  the  following  must  be  in- 
cluded. Each  book  is  to  be  indexed,  the  indexing  being  done  as  the  notes 
are  put  in  the  book.  Each  book  is  to  have  a  title  in  ink  on  the  first  in- 
side  page,  giving  the  name  of  the  Engineer  and  a  page  or  so  of  informa- 
tion about  its  contents.  There  have  been  numerous  books  turned  in.to 
this  office  without  title  or  name  or  marks  to  tell  to  what  the  notes  apply. 
It  is  well  to  explain  in  preface-remarks  that  certain  notes  are  preliminary 
or  merely  approximate,  and  to  designate  fully  those  which  are  final. 

Title  and  index  every  book  of  an  entire  series,  for  although  you  may 
send  them  in  tied  together,  they  are  likely  to  become  scattered. 

The  value  and  character  of  field  notes  are  determined  by  the  ease  with 
which  any  one,  other  than  the  maker,  can  follow  them  through  and  under- 
stand what  was  done. 

A  change  of  personnel  may  be  made  at  any  time,  and  the  notes  should 
be  in  such  condition  that  the  incoming  engineer  may  have  decipherable 
information.  Especially  is  it  necessary  to  give  full  explanation  of 
liminary  survey  notes,  such  as  hydrographic  maps. 
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0>UNp^  eidniate. 

IBttA  estiiiiate  can.  therefore,  be  made  tor  add 
110  ^omifieiil  motith  to  the  wma  fvevbiMdy  jpimi^  I 
dent  figures;  thus  permHting  a  poeaibie  inaoeumQr 

All  itrais  payable  under  the  oontraot  are  to  hi 
inate  sheet,  so  that  Ihe  entire  aceoimts  may  be 
to  audi  items  as  extras,  bonuses,  hmip  sumsi  e(e^ 
*(a)  Vabie  of  Material  FwrniAed. 

Usually  in  tiie  contract  there  will  be  fixed 
in  valuing  materials  fumidbed;  but  if  these  aiia 
Engineer  should  investigate  the  cost  of  the  miirtediili 
loaded  and  fix  equitable  rates.    A  dose 
these  figures  are  merely  payments  on  account 
the  final  estimate. 

If  the  material  record  is  complete,  the  qiiairtiiateii. 
bined  with  the  rates  so  fixed  determine  tiie.value  0 
ered  at  ate.    If  the  material  record  is  incompletei  il 
ure  the  amounts  of  all  material  on  hand,  including 
placed  in  permanent  position,  and  that  which 

Under  the  items  on  the  Estimate  Sheet  of 
livered  at  site  give  the  quantity,  rate,  and  value.    ' 

(6)  Value  of  Work  Dane. 

In  the  contract  there  are  given  imit  price  vain 
of  completed  quantities.  The  value  of  the  wwk  d( 
of  the  completed  item  less  the  value  of  the  mal^ 
timber  delivered  at  site  is  worth  $20  per  thousaad, 
is  worth  $35  per  thousand,  the  value  of  the  work  dcuM 
This  is  so  arranged  on  the  estimate  sheet. 

Under  the  items  of  various  final  quantities  plaoi 

pleted  to  date,  as cubic  yards  of  concrete^ 

piles  in  place,  etc.,  the  contract  unit  price,  and 
under  the  cohmm  marked  "Previously  Estima(tei| 
the  value  of  the  raw  materials  used  in  the 
prices  at  which  you  valued  them  delivered, 
forward  to  the  last  column  and  represaits  the 
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is  to  record  the  same,  together  with  certain  other  information,  on  the 
special  blank  form  provided.  (See  Fig.  61d.)  These  reports  are  to  be 
sent  every  night  to  the  home  ofl5.ce. 

2.  Daily  Progress  Reports  on  Cement  Tests. 

Whenever  any  special  tests  on  cement  are  being  made  at  any  otiier 
place  than  the  bridge  site,  the  Inspector  in  charge  of  the  tests  is  to  make 
a  daily  report  to  the  Resident  Engineer,  using  the  form  shown  in  Fig.  61e. 

3.  Daily  Progress  Reports  on  Superstructure. 

The  Resident  Engineer  is  to  fill  in  every  day  the  colmnns  that  are 
marked  with  an  asterisk  on  the  form  fmnished  for  that  purpose.  (See 
Fig.  61/.)    This  report  is  to  be  sent  each  night  to  the  home  office. 

4.  Daily  Progress  Reports  on  Reinforced  Concrete  Structures. 

The  Resident  Engineer  is  to  fill  in  every  day  the  colmnns  marked  by 
an  asterisk  on  the  blank  provided  for  the  pmTX)se  (see  Fig.  61g),  and  is 
to  send  the  same  each  night  to  the  home  office. 

Weekly  Reports 

The  following  reports  are  to  be  sent  to  the  office  each  week,  preferably 
being  mailed  Satm-day  night. 

1.  Percentage  Report  of  Work. 

This  report  is  general  and  can  be  applied  to  substnictm'e,  to  substruc- 
ture and  erection,  or  to  erection  alone,  or  it  can  be  used  for  reinforced 
concrete  structures.  The  information  is  intended  to  be  approximate  only, 
and  the  object  of  the  report  is  to  give  the  general  conditions  of  the  work 
at  a  glance.     (The  form  to  be  used  is  shown  in  Fig.  61A.) 

Under  materials,  the  approximate  percentage  of  each  material  received 
is  to  be  shown  by  one  color  or  by  hatching,  and  the  percentage  of  the 
material  used  is  to  be  shown  by  another  color,  or  in  black.  On  the  blank 
lines  materials  not  mentioned  may  be  included.  The  amount  of  each 
material  available  is  thus  readily  seen.  On  the  table  of  "Percentages  of 
Work  Completed"  several  different  parts  of  the  work  can  be  shown,  each 
by  a  separate  line;  and  one  line  should  be  given  for  the  contract  as  a 
whole.  A  straight  line  should  be  drawn  from  0  per  cent  at  date  of  start- 
ing to  100  per  cent  at  date  of  completion  for  the  job  as  a  whole.  Each  week 
only  the  parts  of  the  lines  for  that  week  need  be  drawn — the  prior  parts 
of  lines  will  be  filled  in  by  the  office.  Each  line  should  be  labeled  or 
referred  to  the  labels  below.  It  will  be  noticed  that  the  months  are  con- 
sidered as  of  four  weeks  each,  and  such  rough  approximation  will  be 
sufficient  for  this  report. 

2.  Weekly  Chart  of  Progress. 

This  report  is  made  by  marking  with  colored  pencils  the  condition  of 
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work  on  a  small  drawing  of  the  general  layout,  as  indicated  on  sample. 
(No  illustration  is  herein  given.) 

It  is  desired  that  these  weekly  reports  reach  the  office  promptly;  for 
copiee  are  sent  out  to  the  client  and  to  the  Contractor  from  the  Main 
Office.  General  notes  in  a  sentence  or  two  should  be  written  on  the 
chart  to  amplify  the  mformation  there  given. 

Monthly  Estimates 

The  monthly  estimates  are  to  be  made  out  as  described  above,  and, 
unless  otherwise  directed,  all  copies  but  one  are  to  be  sent  to  the  Main 
Office,  from  which  they  are  distributed. 

Cement  Reports 

Reports  on  the  testing  of  cement  are  to  be  made  on  the  Cement  Re- 
port Sheets  marked  CRl.  (See  Fig.  61c.)  These  are  made  to  include 
tests  of  two  samples.  These  reports  are  to  be  filed  in  the  office  of  the 
Resident  Engineer;  and  on  the  completion  of  all  tests  for  a  given  car 
or  bin  or  shipment,  summarized  reports  are  to  be  made  on  sheets  marked 
CR2.  (See  Fig.  6h*.)  A  copy  of  this  summarized  report  is  to  be  sent 
to  the  Main  Office. 

When  the  tests  of  fineness  and  soundness  foi^  any  given  car  are  com- 
pleted the  Contractor  should  be  notified  by  letter,  thus:  "Preliminary 
tests  on  Car  No.  are  good,"  or  "show  doubtful  and  will  be  re- 
peated."   When  the  seven-day  tests  are  completed,  give  the  final  word 

notifying  the  Contractor  by  letter  advising  that  Car  No.  "has 

been  tested  and  found  satisfactory  and  is  hereby  accepted";  or  if  re- 
jected so  state,  and  add  "Please  arrange  for  immediate  removal." 

Report  on  Materials 

In  general  there  will  be  no  regular  reports  for  inspection  of  material 
other  than  cement  and  steel.  Usually  where  lumber,  stone,  sand,  and 
similar  materials  are  examined,  no  report  need  be  made,  the  advices  that 
such  materials  are  received  and  unloaded  being  construed  to  mean  that 
they  have  been  examined  and  accepted.  For  certain  cases,  such  as  lum- 
ber to  be  creosoted,  notations  on  the  shipping  invoices  are  sufficient. 
For  special  cases  application  may  be  made  to  the  Main  Office,  and  special 
blanks  will  be  furnished. 

Unclassified  Work  Reports 

All  unclassified  work  is  to  be  reported  upon  from  time  to  time  in  sec- 
tions, as  the  said  work  is  partially  completed,  using  the  form  shown  in 
Fig.  6lj. 

Reports  on  Cost  Contracts 

Whenever  work  is  done  according  to  the  '* Cost-Plus-Percentage"  or 
the  **Co6t-Plus-Lump-Simi"  method,  the  monthly  statements  are  to  be 
made  out  on  the  form  shown  in  Fig.  6lk, 
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//  Cement  Is  To  Be  Tested  at  Site 

1  Testing  Machine  1  Coal  Oil  Lamp 

1  Nest  of  Sieves  }4  doz.  Galvanized  Tin  Pans 

1  Small  Balance  Scale  1  Cement  Record  Book 

1  doz.  Moulds  1  Office  Lamp 

}i  doz.  Panes  of  Glass  6"  X  8''           1  Boiling  Outfit 

1  Heavy  Pane  of  Glass  13"  X  13"      1  Damp-box 

1  Graduate 

//  Measurements  Are  Made  by  Triangvlation 

2  Wooden  Picket  Rods  50  Pieces  Tin  V  X  2" 

1  Hand  Saw  1  Thermometer 

2  Small  Brushes  1  Spring  Balance 
1  Can  of  White  Paint  1  Centre  Punch 
1  Can  of  Venetian  Red  Paint 

It  is  hoped  that  the  blank  forms  given  in  this  chapter,  which  have  been 
evolved  by  the  author  and  his  firms  during  the  last  three  decades,  will  prove 
useful  to  the  engineering  profession,  as  they  represent  the  result  of  wide 
experience  and  much  hard  thought  and  labor.  The  one  given  in  Fig.  616 
for  the  Monthly  Estimate  Sheet  was  prepared  in  its  present  form  by 
the  author  himself  in  1889  for  the  Sioux  City  Bridge  over  the  Missouri 
River.  He  has  employed  it  ever  since;  for  he  can  see  no  way  in  which 
it  can  be  improved.  In  each  case  it  gives  a  quantitative  history  of  the 
«itire  construction  up  to  date. 

It  has  not  been  considered  necessary  to  furnish  an  example  of  the 
graphic  method  of  recording  the  progress  of  construction,  because  a  simple 
explanation  of  its  use  is  all  that  is  needed.  The  modus  operandi  of  employ- 
ing it,  as  indicated  in  the  preceding  "Instructions  for  Field  Engineers," 
consists  in  showing  with  different  colored  pencils  on  certain  lithographed 
sheets  containing  the  general  plan  and  profile  of  the  structure  (which 
sheets,  at  the  inception  of  the  field  work,  are  furnished  in  ample  numbers  to 
the  Resident  Engineer  by  the  Main  Office) ,  the  different  classes  of  work  done 
to  date,  each  class  being  represented  by  a  special  color.  This  method  is  very 
effective,  because  it  indicates  at  a  glance  the  total  progress  of  the  entire 
work  in  all  its  details  for  the  different  dates  when  the  records  were  made. 

The  manner  of  using  these  various  forms  is  so  simple  and  obvious  as 
to  require  no  explanation. 

In  concluding  this  chapter  it  is  well  to  state,  for  the  benefit  of  the 
younger  members  of  the  engineering  profession,  that  the  Resident  Engi- 
neer should  never  for  a  moment  forget  that  his  employers,  the  Consult- 
ing Engineers,  when  placing  him  in  charge  of  the  work  of  construction, 
entrusted  to  bis  care  their  professional  reputation,  the  most  valuable  of 
all  their  worldly  possessions;  and  that  he  should  always  so  conduct  him- 
self as  never  to  give  cause  for  any  one  to  attack  it  on  account  of  any 
legitimate  or  tenable  reason. 
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Fig.  61o— Contmudi 

DAILY  PROGRESS  REPORT  SHEET  ON  SUBSTRUCTURE 

Note — ^Figures  on  Uus  sheet  merely  approxiinata  Sheet  No.  4 

BflBideQt  Engineer,  fill  in  columns  marked  * 
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Fig.  61e 
FORM  FOR  DETAIL  REPORT  OF  CEMENT  TESTS 
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Form  fob 

SUMMARY  OF  CEMENT  TESTS 


WADDELL  &  HARRINGTON 

CONBUUriNQ   SNOINEEB8 

Kansas  Cmr,  Mo. 


Testing  Laboratory  at. 
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Inspector 


Tests  Made  for Brand 


Cement  to  be  Used  for 


Car,  Bin,  or  Load  No , 

Our  No. 


Rwy.  No. 

Total  Amount Bbls.    No.  of  Samples  taken . . 

Fineness  Tests 
Required  to  pass  200  sieve    92  per  cent 
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Soundness  Te^ts 
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Repobt  Form  for  Unclassifibd  Work 

WADDELL  &  HARRINGTON 
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Kansas  Cmr,  Mo. 

For  Unclassified  Work  done  Contract  No 
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ending Bill  No 


UNCLASSIFIED  WORK   BILL 


For  work  or  materials  which  are  not  covered,  or  implied  as  covered,  by  the  plans  and 
specifications,  under  any  price  in  the  Ck>ntract. 


By  (Ckmtractor) 
For  (Purchaser). 
On  (Job) .  . 


COPY  OF  ORDER  FROM  ENGINEER 


Waddell  &  Harrington        By 


ITEMIZED  bill 


Total  Amount  Due 
Approved:  Waddell  a  Harrington     By 


Resident  Engineer 


Bills  for  Unclassified  Work  are  to  be  rendered  monthly  and  included  in  the  regular 
estimate. 

One  cop^r  of  this  bill  to  be  pasted  to  each  copv  of  estimate. 

The  receipted  vouchers  for  all  items  of  this  bill  are  to  be  sent  to  the  main  office. 
The  Ckmtractor  is  to  prepare  the  bill  with  all  copies  desired,  on  this  form,  which  will  be 
furnished  by  the  Resident  Engineer. 
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CHAPTER  LXII 


ERECTION  AND   FALSEWORK 


Vabiotjs  methods  for  erecting  bridges  have  been  developed  to  fit  the 
different  types  of  structures  and  the  diverse  conditions  prevailing  at  the 
bridge  sites.  These  methods  may  conveniently  be  grouped  in  two  general 
classes,  viz.: 

First,  erection  with  falsework;  and  second,  erection  without  falsework. 

The  choice  between  these  two  methods  will  depend  on  the  type  of 
structure  and  the  conditions  at  the  bridge  site.  As  a  help  in  making  such  a 
choice  for  any  particular  case,  the  salient  features  of  each  method  will 
be  briefly  set  forth.  The  several  types  of  bridge  spans  that  the  erector 
may  be  called  upon  to  build  are  as  follows: 

1.  Masonry  arches. 

2.  Concrete  girders  and  arches,  both  plain  and  reinforced. 

3.  Steel  girders. 

4.  Viaklucts  and  elevated  railroads. 

5.  Truss  spans. 

6.  Movable  spans. 

7.  Suspension  bridges. 

Where  a  span  is  composed  of  numerous  members  that  have  to  be  as- 
sembled in  final  position,  such  as  trusses,  it  is  usually  best  and  most  eco- 
nomical to  employ  falsework,  if  the  conditions  at  the  site  permit.  Like- 
wise, masonry  and  concrete  arches,  which  require  continuous  support, 
are  constructed  on  falsework,  or  centres,  as  the  same  is  frequently  termed. 
Those  conditions  at  site  favorable  to  the  building  of  falsework  are  a  river 
bed  that  will  permit  the  driving  of  piles,  an  interval  between  floods  suf- 
ficient to  allow  of  the  span  or  spans  being  assembled,  riveted  up,  and 
swung,  freedom  from  interference  by  river  navigation,  and  the  absence 
of  deep  water,  swift  current,  drift-wood,  and  ice. 

For  single-track  truss-spans,  where  no  passing  trains  have  to  be  pro- 
vided for,  it  is  customary  to  use  falsework  consisting  of  four-pile  bents 
driven  at  intervals  to  correspond  with  the  panel  points  of  the  truss.  If 
a  traveller  is  to  be  employed  in  erection,  these  bents  are  made  wide  enough 
to  permit  the  placing  at  each  end  of  a  pair  of  8"  X  16"  stringers  outside 
erf  the  span  in  order  to  support  the  rails  on  which  the  traveller  runs.  For 
shorter  spans,  where  a  derrick  car  will  handle  the  material  satisfact>orily, 
the  bents  need  be  wide  enough  to  carry  only  the  two  trusses.  If  the  piles 
are  sufliciently  long  to  reach  to  the  top  of  the  falsework,  they  are  capped 
with  12"  X  12"  timbers  and  sway-braced  with  4"  X  8"  planks.    In  case 
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For  qMins  over  250  feet  in  length, 
of  a  tmveDer.    This  is  essentially  a 
verted  U,  supported  on  at  least  four  roDeii  #t 
laid  along  the  stringers  of  the  f alsewoik 
lofws  of  the  traveller's  being  readily  moved 
the  top  are  convenient  platforms  for  ^ 
eadi  side  are  hung  several  sets  of  blocks  abd' 
bers  of  the  truss.    A  hoisting  engine  is  mouiititf 
operating  the  tackle.    Frequently  swinging 
WBid  comers  so  that  they  can  be  handled  fike  4 
lever  bridges  it  is  practicable  to  employ  one  or 
tively  speaking,  travellers  or  ^'mules''  riding  on 
up  the  material  for  erection  from  cars  on  the 
under  250  feet  and  for  trestles  and  elevated 
be  dispensed  with  and  a  derrick  car  or  locomotive 
the  parts  into  place. 

The  falsework,  or  centering,  for  masonry  and 
complicated  than  that  required  for  truss  spans, 
of  the  arch  necessitates  special  construction,  and' 
distributed  along  the  span  length  instead  of  bdn|| 
points,  as  in  trusses.    This  latter  calls  for  con 
lagging  and  beams  are  necessary  to  transfer  Uml 
or  bearings.    Furthermore,  the  centering  must 
sist  the  distortions  produced  by  partial  or 
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tlement  of  the  supports  is  to  be  avoided  as  much  as  possible.  Centering 
is  sometimes  built  on  top  of  temporary  trusses,  but  in  such  cases  provi- 
sdon  must  be  made  to  offset  the  deflection  of  such  trusses.  Further  pro- 
visioQ  must  be  made  for  a  gradual  lowering  of  these  centres  so  as  to  bring 
every  part  of  the  arch  into  action  at  the  same  time.  This  is  readily 
accomplished  by  using  wedges  under  the  centres,  which  wedges  can  be 
gradually  loosened  at  all  the  supports.  Sand-jacks  are  also  frequently 
employed  for  the  same  purpose. 

Where  conditions  do  not  admit  of  falseworks  being  constructed,  truss- 
spans  may  be  erected  on  baiges  at  some  distance,  if  need  be,  from  the  site 


Fio.  62a.    Floating  the  Spread  Span  of  the  Fraser  River  Bridge  into  Place. 

and  then  floated  into  place  and  lowered  onto  the  piers.  This  lowering  is  ac- 
complished by  means  of  jacks  or  by  taking  on  water  ballast.  This  method 
was  adopted  for  the  spread  span  of  the  author's  bridge  over  the  Fraser 
River  at  New  Westminster,  B.  C.  In  that  instance  a  depth  of  water  of 
80  feet  and  a  reversing  current  of  five  miles  per  hour  were  encountered. 
The  spread  span,  which  was  about  232  ftjet  long  and  136  feet  wide  at  the 
wide  end,  while  the  narrow  end  was  of  the  ordinary  width  of  19  feet,  was 
erected  on  three  barges  placed  in  triangular  formation,  as  shown  in  Fig. 
62a.  These  were  then  floated  into  proper  place,  water  ballast  was  ad- 
mitted, and  the  span  was  thus  lowered  into  final  position  on  its  piers. 
A  detailed  description,  setting  forth  some  of  the  unique  features  of  the 
work,  is  given  in  the  Engineering  Record,  Vol.  50,  pages  192  to  194  inclusive. 
Where  it  is  not  practicable  to  build  falsework  nor  to  erect  the  span 
on  barges  and  float  it  into  place,  the  structure  can  be  erected  by  the 
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toidges  for  the  Canadiui  Northern  Paoifie 
Ftaaer  and  the  Thompeon  riven  in  Britiih 
current  and  hard  bottom  prevented  the 
channds  of  both  rivers.    In  the  Fraaer 
which  was  290  feet  long,  was  erected  from 
out  from  each  adjacent  span;  but  for  one  ti 
work  could  proceed  from  only  one  end,  bo 
several  contiguous  spans  by  cantilevering 
feet.    Fig.  25jr  ^ves  a  view  of  the  Fraaer  Rivw,- 
tion  of  semi-cantiievering. 

IVussed  arches  are  often  erected  by  the 
the  early  examples  of  this  was  the  erection  of 
in  Engineering  News,  Vol.  37,  page  252.    A  Ul 
Biver  Bridge  for  the  Oregon  Trunic  Railway, 
Nem,  Vol.  69,  page  549. 
:    The  author's  425'  arch  span  near  CHboo 
erected  by  cantilevering  out  the  two  halves  ' 
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instance  of  launching  a  span  by  the 

pennon  cables  and  a  hinged  hoota  is  ghpiii  fir; 

C?anadian  Society  of  Civil  Engine^fs,  Yd. 

of  the  Reventason  River  Bridge  in  Costa  Bldi 

was  launched  on  rollers  by  employing  a  tem] 

to  support  the  structure  until  it  had  moved  iiiio 

was  jacked  up  and  the  rollers  were  taken  outf 

into  position.    See  Engineering  Record,  Vol.  fiXi 

Tlie  erection  of  a  suspension  bridge  begjois  9ii 
are  constructed,  the  strands  composing  the 
end,  then  carried  up  over  the  saddles  on  the  Ifiplit 
ingy  by  various  means,  to  the  next  tower,  whkdi 
into  the  anchorage.    A  moving  platform  or 
cable  so  that  workmen  may  wrap  it  with  ooSy^0^ 
or  place  clamps  and  suspenders  in  position  for 
To  these  suspenders  are  bung  the  sti£Fening 
generally  by  starting  at  the  end  of  the  bridge  and 
with  boom  of  sufficient  length  to  reach  one  or  t 

The  organization  needed  for  carr3ring  on  k 
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course,  depend  very  much  on  the  size  and  class  of  bridge  that  is  being 
constructed.  The  erection  of  steel  structures  calls  for  a  special  type 
of  skilled  workmen.  In  the  larger  jobs  it  is  usual  to  have  a  crew  of  erec- 
tors, another  crew  of  riveters,  and  still  another  crew  for  pile  driving.  In 
addition  to  those  special  crews  it  is  desirable  to  have  a  gang  of  men  for 
handling  material.  In  the  smaller  jobs  this  division  of  labor  is  not  carried 
out  so  extensively. 

The  usual  equipment  comprises  a  pile  driver  with  hoisting  engine  for 
falsework  construction,  a  derrick  car  for  erecting  the  smaller  spans,  and  a 
traveller  with  one  or  two  hoisting  engines  for  the  larger  spans.  Several 
push  cars  for  convenient  transportation  of  materials  are  needed.  For  riv- 
eting, a  pnemnatic  outfit  is  best,  as  more  rivets  per  gang  per  day  can  be 
driven,  and  as  there  will  be  fewer  loose  rivets  to  cut  out  and  replace. 
Moreover,  modem  specifications  for  bridge  erecting  demand  that  pneu- 
matic riveters  be  employed  for  field  riveting.  Forges  will  be  required  for 
heating  the  rivets.  These  should  usually  be  operated  by  hand,  as  there 
is  then  less  danger  of  bmning  the  rivets;  but  for  large  rivets  the  use  of 
oil  forges,  operated  by  compressed  air,  is  necessary.  If  the  pnemnatic 
plant  is  not  installed,  sledges  will  be  needed  for  hand  riveting.  Various 
small  tools,  wrenches,  drift  pins,  reamers,  connecting  bolts,  etc.,  will  have 
to  be  provided. 

The  erection  of  reinforced-concrete  bridges  is  quite  fully  treated  on 
page  946  ei  seq.;  and  certain  features  of  erection  work  are  discussed  in 
Chapters  LXIII  and  LXV. 

For  further  information  on  the  subject  of  erection  and  falsework  the 
reader  is  referred  to  such  standard  works  on  bridges  as  those  of  Johnson, 
Bryan,  and  Tumeaure,  and  Merriman  and  Jacoby.  Special  mention 
should  be  made  of  the  excellent  illustrated  chapter  on  "Adjusting  and 
Erection  Devices,"  in  Prof.  C.  W.  Hudson's  book,  "Deflections  and 
Statically  Indeterminate  Stresses." 
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.mOI  otdblflDi  of  JBAiiitaiiiiQff  tnfie  oii  iMi 
ill jil^l^^.w      a  new  ODe  beoomm  in  i^^ 
Ip^i  wd  pay  invdi^  audi  aeriaus  eompfei<|io^ 
1^^  of  the  new  rtnictuie.    YariooB  mattipiglp 
Ima  emnlovod.  eadi  one  havina  some  sDO^al 
of  eondtiona.    As  a  guide  to  a  chdoe  of 
ieakneB  of  eadi  are  heiewilh  set  f ortlu 

Wlieve  traina  are  more  than  a  half  hour 
be  drivien  beneath  or  through  the  atrueturei  M 
£BdhE»W0rk  under  tte'dd  siqwretruotur^  Temtiff^0i^ 
edeet  tbe  new  span  on  the  same  suppqrtey  alul^ 
wotkm    This  timber  construction  must  be 
load  as  weD  as  the  weif^t  of  tiie 4Mm;  audit 
tudinal  bracing  in  order  to  withstand  safely  the 
In  Chapter  LXII  will  be  found  a  deser^ytioii  of 
falsework  suitable  for  various  conditions.    'I%l|- 
advantage  directly  as  the  interval  between  tiaiiifl. , 

For  those  cases  where  the  service  is  move 
each  half  hour  during  a  considerable  portion  of  the 
best  to  build,  if  possible,  a  by-pass  or  run-around^, 
or  ^ber  trestle.    If  river  traffic  has  also  to  ^ 
necessary  to  have  a  movable  span  in  the  said 
of  the  passage  of  boats.    This  movable  span  ma^ 
arranged  to  act  as  a  lift  span,  or  a  basculci  or  in 
may  be  pivoted  at  one  end  on  the  comer  and  have 
by  a  barge  when  in  operation. 

In  rare  cases  the  existing  superstructure  may  JM, 
the  new  span  and  to  carry  also  a  limited  train 
cumstances  the  falsework  can  be  dispensed  with; 
essary  that  the  perpendicular  distance  between 
of  the  new  span  exceed  that  of  the  old  one 
new  construction  surrounding  that  which  is  to.be 
is  seldom  employed,  because  nearly  all  renewals 
strength  of  the  old  structures,  which  generally  Im)||K;; 
carry  their  own  weight  in  addition  to  the  live 
sustain  the  weight  of  the  new  steel.    However^,' 
it  necessary  to  adopt  this  method.    Such  was 
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where  the  Norfolk  and  Western  Railway  had  to  renew  its  bridge  across 
the  Ohio  River.  It  was  important  that  every  precaution  should  be  taken 
to  prevent  accidents  during  reconstruction,  as  the  nearest  river  crossing 
above  Kenova  was  at  Point  Pleasant,  60  miles  away,  and  the  next  nearest 
crossing  was  at  Cincinnati,  150  miles  down  stream.  The  variation  in  water 
level  amounted  to  some  70  feet  between  flood  and  low-water  elevations, 
and  provision  had  to  be  made  for  river  navigation  at  all  times  during 
reconstruction.  On  account  of  these  strenuous  conditions  and  because 
of  the  very  heavy  traffic,  the  contract  stipulated  that  no  falsework  should 
be  placed  in  the  river.  The  method  finally  adopted  was  to  construct 
falsework  only  imder  the  stringers  of  the  end  spans,  which,  at  ordinary 
stages  of  the  river,  were  over  dry  ground,  then  to  disconnect  the  stringers 
from  the  floor-beams,  leaving  the  falsework  to  carry  the  old  stringers, 
the  old  track,  and  the  live  load.  The  new  floor-beams  were  then  sus- 
pended from  the  old  ones  by  rods,  and  the  new  spans  were  built  up  around 
the  old  ones  on  brackets  attached  to  the  ends  of  the  new  floor-beams  in 
their  suspended  position.  After  the  new  trusses  were  swung,  the  old 
spans  were  blocked  up  on  them  and  dismantled,  the  brackets  were  taken 
off  the  new  floor-beams,  the  latter  were  hoisted  to  proper  elevation  and 
riveted  into  the  posts,  the  new  stringers  were  inserted  and  attached,  the 
new  lateral  bracing  was  put  in,  and  the  track  was  laid.  Of  course,  there 
was  for  each  span  a  short  interval  when  it  was  incapable  of  withstanding 
much  wind  pressure  because  of  its  lack  of  lateral  bracing.  By  choosing 
quiet  weather  and  working  quickly  it  was  possible  to  reduce  this  danger 
to  a  minimum. 

The  spans  adjacent  to  the  end  ones  were  erected  by  cantilevering  out 
their  full  length  from  the  finished  spans,  building  around  the  existing 
structure  and  depending  upon  it  for  lateral  resistance,  then  making  the 
new  trusses  support  the  old  span,  removing  the  latter  piecemeal,  and 
putting  in  the  new  floor  system  and  new  lateral  system. 

Finally,  the  long  central  span  was  erected  in  two  parts  by  cantilever- 
ing from  the  two  adjacent  finished  spans  imtil  the  half  trusses  met  at 
the  centre,  when  they  were  connected  and  swimg,  and  then  they  were 
made  to  support  the  old  span  while  it  was  being  demolished  and  while 
the  new  floor  system  and  new  lower  lateral  system  were  being  inserted. 
An  account  of  this  reconstruction  is  given  in  the  January,  1915,  Pro- 
eeedings  of  the  American  Society  of  Civil  Engineers. 

The  renewal  of  an  old  bridge  often  calls  for  the  construction  of  new 
substructiue.  If  a  slight  change  in  alignment  of  track  can  be  made,  and 
if  the  conditions  are  favorable  for  the  building  of  falsework,  it  will  be 
found  economical  to  erect  the  new  spans  on  falsework  alongside  of  the 
old  bridge  and  extended  underneath  the  latter  for  the  purpose  of  demo- 
lition. When  the  erection  is  completed,  a  cutting  and  shifting  of  the 
tracks  can  readily  be  made,  and  then  the  traffic  can  be  transferred  to  the 
Dew  structure.    In  this  way  practically  all  interruption  thereof  v/ill  be 


^mmmm%^ 


-  'A 
iw  -.-'    "  '■  If 

h-.  '■-■ 


*•*•*!     .  ttZm 


\^ 


mmr^^^^  • 


,H:^'>---'v 


^"*.<^^;<-- 


ij&lig^ixr. 


,%i^>^i; 


-•  ^'i 
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^lil^iolft  iMiia.  lad  bloekfaiit  hM  bMi  ottlMA 

'tihii^pliiti  wd  tnuMforad  to  ite  bilget^ 
i^i»flMr  4tei  faram^t  BMr  to  theif  pospii«i  fl 
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liii  loirend  into  fdaoe  either  bgr  the DeawMt* 
'  tH^'^floodiiut  the  heme*    After  fandiiMc  thi 
iiili  we  eotmeeted  and  tmffie  is  leeuiMd.  iMK 
of  eoodUioiie  oooeumee  eeveral  home  irf  tiiaei 
to  ft  oomqxMiding  eattept.    It  ideOvMWiiliBi^ 
bugee  aikl  tug  boats.    It  was  used  m 
aeroes  the  St.  Lawrence  Biver  by  the  Qmid 
A  detailed  acoount  of  the  work  will  be  fioitad 
Vol.  62,  page  628. '  This  bridge  was  out  of  seirviqi 
each  span.  ■  ,  ."  .>tvf 

It  seems  hardly  necessary  to  suggest  that  if  |||| 
where  rising  and  falling  of  the  water  levd  oeenr 
the  barges  can  be  run  under  the  new  span  at 
be  lifted  off  its  bearings  at  half  tide  and  floated 
tide;  and  finally  the  barges  may  be  remo^red  ae^lbak 
ating  the  necessity  of  flooding  them,  pumping 
them  again. 

Under  some  conditions  where  falsework  cannofelie 
there  are  several  duplicate  spans  to  be  replaced^ 
set  of  barges  for  one  new  span  and  upon 
then  when  a  span  is  torn  down  and  replacedi  the 
imposed  falsework  are  moved  ahead  to  the  next 
just  described  are  repeated.    This  method  is  not 
tuation  in  water  level;   but  small  changes  of  m 
care  of  by  means  of  water  ballast,  which  can 
as  the  case  may  require. 

Another  method  of  replacing  an  old  span, 
quent  and  interruption  of  traffic  is  not  allowal 
new  span  alongside  of  the  old  one,  supporting! 
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frtiiiiiliFf)  iriftiiiMiitiTitliiii  cttitBi^tiii^ 

It  ttitti  UBti  te  Ifeb  mocmabtmsiim 
BNor  for  iba  nttdiwf  IXvb^ 
iiiid  St.  licrab^  R  InildseMiiri^ 

4tev3r;'  iid^  thiftfonii  imusiial  oare  liad  to  lli 
^tfisipbd  Ib0«  grooB  eai^  and  «n^iir 

'froH^.    The  tfane  «(mBumed  in  Dumngiiiidk 
bi^)Nf<lir^  ITithin  this  intervil  tte 

ft0  ifoyMr  ot  the  old  flpens  wee  (nnrfeiliil 
eiQniegBBi  the' cM  and  the  neir  qM»  in^ 
K(NBif6f  lofraied  to  their  permanent  poid||iia 
tmfaiMe  fOK^CKineGted.    l^e  time  ooniMniftll  M 
iNto  <»43r  i96venteen  minutes.    A  good  acMont 
in  tii^  I^i{p£iie«rin9  JBeoord^  Vol.  «2,  paga^MK 
<M^^    on  some  of  his  work  to  movet^pBadhagb^ 
ikam  to  i)ermanent  piers  without  intemiptiag 
jBSto^Blaneo  Bridge  on  the  Vera  Cms  and  Facifie 
III  titab  Mspan  weii^iiing  240  tons  had  to  be  moved 
ilpaa  was  erected  on  timlper  piers,  as  there  was 
IMfmanent  substructure  and  then  erect  the 
period.    This  expedient  gave  the  railroad 
a  "deep  and  swift  river  tibat  could  not  otherwise 
^liif  MBood  season,  which  lasted  several  months. 

to  a  normal  dry-season  flow,  the 

I  then  the  fif)aces  between  these  and  the 

#ith  substantial  falsework  sufficiently  strong 

On  top  of  the  deck  were  placed  railroad 

a  slii^t  pitch  downward  toward  the  new 

under  the  shoes  of  the  span,  and  ex- 

^fdnmng  wa3r8  for  the  span  to  slide  upon. 

aiid  attached  to  the  end  of  the  span,  and 

the  operation.    It  was  found  that  this 
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>^   JUKytlMr  tosteiioQ  of  inoviiig  wptsoB 
ilftti  Bioiio  i^jmI*^^  Bridge  aiistvMi  iJift^  SSin 
^tiii  iaiteiio6  tlifee  doiiUo^nMsk  amimi  lydl'lfi 
fiMrti  mofed  laterafiy  about  tfraD(gr-A?e  fMMr 
CM  hmidred  ud  tireniy-five  faek.    Eot  Hio  liMiil 
iiifiiit  mm  ocnstnieted  00  as  to  aiqipoft  the 
MPir  poiHitaoiL    Two  tiers  of  nik  with  tiva^Mii 
plaeed  under  eaoh  shoe.    Bloeks  and  tadde  w«ii^ 
the  several  soaus.  aiKl  hcMstinc  w^yipyMi  miro  usodLlMi' 
the  lateral  movement  was  aceompliahed»  spesill 
m/Hbi  having  six  standaid  car  wheds  with  their 
wiue  distributed  under  the  qMnSy  so  as  to  qp^i4 
possiMe.    These  trucks  rolled  on  rails  {daced 
neath  the  bridge.    The  movement  of  the  massrliii: 
bined  stressing  of  the  tackle,  operating  jacks  ael>^^ 
pdbts  under  the  shoes,  and  pushing  with  a 
strut  against  the  end  floor-b^am.    The  entire 
three  minutes.    A  good  description  of  this  wmii^ 
be  found  in  Engineering  News,  VoL  70,  page  94  rj  '^,i^■ 

In  either  double-tracking  an  existing  sing)M<nMdk 
it  by  another  single-track  one,  wha:e  plate  gMivi 
are  adopted  to  replace  old  through  truss  spemh 
able  to  avoid  building  falsew(»rk,  it  is  a  good  plfuli 
end  of  the  structure  several  gallows  frames  at 
pending  on  the  length  of  the  said  gurders,  and  to 
of  each  truss  span  several  heavy  «obs  bearn^  cri^^ 
the  girders  are  to  be  placed' outside  of  the  old  truseoi^ 
cantilever  over  the  chords  a  sufficient  distant  feffi 
Two  sets  of  blocks  and  tackle  are  then  to  be  riflViA 
frame  and  each  jigger;  and  the  girder  is  to  be  pM|Mi|||^ 
tackles,  and  attached  to  the  next  forward  taekli^ 
put  upon  the  latter.    If  the  girder  goes  inside  of 
tern  must  be  cut  loose  from  the  trusses  and 
the  stress  on  the  forward  tackle  is  increase^i^i^ 
to  be  given  to  the  girder,  and  then  the  head 
eased  off  gradually,  detached  from  the  front 
attached  to  the  rear  end  thereof.    A  stress  is 
last  mentioned  tackle  and  the  rear  tackle 
mit  the  girder  to  swing  forward.    This  oj 
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the  next  set  of  tackle  until  the  girder  has  reached  the  proper  pocition 

for  lowering  on  the  piers.     After  the  girders  are  placed  and  the  floor 

system  is  completed,  it  is  usually  an  easy  matter  to  dismantle  the  old 

trusses  with  a  derrick  car  on  the  track.    A  good  illustration  of  this  method 

was  the  replacing  of  truss  spans  on  the  Auburn  Division  of  the  Lehigh 

Valley  Kailroad  at  Weedsport,  N.  Y.,  an  account  of  which  is  given  in 

the  Engineering  Recordj  Vol.  60,  page  290.    A  somewhat  similar  method 

was  that  adopted  by  the  Duluth,  South  Shore,  and  Atlantic  Railway 

Company  on  its  line  at  the  Bad  River  crossing  near  Shilo,  Wis.,  where 

a  150-foot  Howe  truss  span  was  replaced  by  a  121-foot  plate  girder  span. 

The  latter  was  assembled  on  two  flat  cars,  riveted  up  completely,  and 

then  hauled  out  on  the  truss  span.    One  end  was  picked  up  by  a  gallows 

frame,  previously  erected  at  the  shore  end  of  the  Howe-truss  span,  and 

the  other  end  was  supported  by  a  derrick  car.     After  lifting  the  span 

off  the  cars,  which  were  then  run  back  to  shore,  the  deck  members  of 

the  truss  span  were  removed,  one  piece  at  a  time,  and  dropped  into  the 

river  below,  from  which  they  were  afterward  fished  out.     The  girder  span 

was  then  lowered  to  position  between  the  old  trusses,  which  were  later 

removed  at  convenience.    The  time  occupied  in  moving  the  span  out 

from  shore,  setting  it  in  place,  and  connecting  up  the  track  was  five  hours. 

Where  a  double-track  structure  of  reinforced  concrete  girders  or  arches 
b  to  displace  an  old  bridge,  it  is  usually  possible  to  build  a  longitudinal 
half  of  the  entire  concrete  construction  while  traffic  is  being  taken  care 
of  on  a  single  track  of  the  old  bridge.  When  this  first  portion  of  the 
concrete  work  is  finished,  the  track  is  shifted  to  its  deck,  and  the  old. 
structure  is  demolished;  after  which  the  remainder  of  the  concrete  is 
placed  and  the  bridge  is  completed.  An  example  of  this  is  the  renewal 
of  the  Gwynns  Falls  Bridge  in  the  city  of  Baltimore  for  the  Philadelphia, 
Baltimore,  and  Washington  Railroad.  In  this  case  traffic  was  maintained 
on  the  old  structure  while  the  first  half  of  the  new  bridge  was  built.  When 
this  was  finished,  tracks  were  laid  over  it,  and  the  traffic  was  diverted 
from  the  old  bridge,  which  was  then  dismantled.  This  permitted  the 
finishing  of  the  remaining  half  of  the  concrete  work  without  interrupting 
traffic. 

Many  variations  and  combinations  of  the  foregoing  described  methods 
are  to  be  met  with  in  practice.  Each  case  had  to  be  studied  by  itself  and 
the  method  of  construction  adjusted  to  suit  its  peculiarities. 

In  all  this  work  precautions  must  be  taken  to  carry  out  tne  regula- 
tions of  the  operating  department  of  the  railroad  in  regard  to  lights, 
signals,  and  flagging  trains. 

In  preparing  this  chapter  the  author  received  many  valuable  sugges- 
tions from  L.  S.  Stewart,  Esq.,  President,  and  H.  K.  Seltzer,  Esq.,  C.  E., 
Mce-President  of  the  Union  Bridge  and  Construction  Company  of  Kan- 
sas City,  one  of  the  best  known  bridge  building  companies  of  America, 
for  which  help  he  desires  to  express  here  his  hearty  thanks. 
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ill^aiiiiia  and  report  on  audi  gtrtidtitieiH  lMWi|tt 
to  0v«l66k  many  important  iiiiiiitlari  tiPM 
often  it  lequires  xafe  judlgittent  to 
be  paned  as  wifficienily  rtwift 
to  be  ranovecL 

Tbe  objeeto  of  bridge  inq)ection  aie  m  ioDMM^  V'f 

A.  To  discover  weakneBses  or  drfectii  and  IblNI^?* 

B.  To  ascertain  the  amount  of  detorioralSQli^ 
if  possiblei  its  rate,  in  order  to  figure  upon  Ha 
of  life.  ' 

C.  To  determine  the  safety  of  the  stroetaM 
conditions  of  loading. 

D.  To  decide  upon  whether  there  is  any 
forcements,  or  renewals,  what  these  should  be,  aid 

E.  To  settle  as  to  what  should  be  done  in 
loads  safely  while  repairs  or  renewals  are  in  progMiJ 

The  frequency  with  which  bridge  inspectiims 
upon  a  variety  of  conditions,  among  which  may  faie 
acter  of  the  structure,  its  location,  its  strengtii,  and 
condition.    Bridges  built  of  late  years  on  8cienti||0^ 
thorough  inspection  may  need  but  a  single  i 
some  old  and  imscientifically  designed  ones  may 
carefully  every  few  weeks,  or  in  extreme  cases  evieij^ 

For  railroad   bridges  a  special  committee  of  l&ll 
Engineering  Association  recommends  the  following 
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"(1)    Inspection  by  the  regular  section  forces, 
the  track  under  their  supervision.    The  object  of 
damage  to  the  structure  from  fire,  flood,  derailments,  or 
or  any  displacement  in  the  structure  in  whole  or  in 
the  lack  of  skill  on  the  oart  of  the  section  forces  mniit 
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win  rarely,  if  ever,  do  more  than  call  attention  to  unsafe  conditions  arising  from  causes 
other  than  those  of  natural  depreciation.  No  reports  of  such  inspections  need  be 
made  unless  adverse  conditions  are  discovered. 

"  (2)  At  periodic  intervals  of  from  one  to  six  months  there  should  be  inspections 
by  bridge  fcM-emen  or  others  experienced  in  bridge  repairs.  These  inspections  should 
be  more  thorough  than  those  of  the  section  forces,  and  are  intended  to  discover  all 
the  d^ects,  arising  from  traffic,  to  which  the  bridge  is  subjected,  and  those  due  to 
natural  dei^eciation  or  other  cause.  Reports  of  such  inspections  should  be  made 
to  the  one  next  in  authority;  preferably  to  the  one  most  directly  or  primarily  respon- 
sible for  the  safety  of  the  structure. 

"(3)  Annual  or  semi-annual  inspections  are  to  be  made  by  men  experienced  in 
the  design  and  maintenance  of  bridges;  preferably  by  those  who  are  primarily  respon- 
sible for  their  safe  maintenance.  The  reports  of  these  inspections  should  be  filed, 
and  in  connection  with  an  examination  of  office  data  they  will  determine  the  safety 
of  the  structures,  and  will  be  the  basis  for  decisicms  as  to  repairs,  reinforcements,  or 
rraiewals. 

'*The  inspections  outlined  in  (1),  (2)  and  (3)  above  must  be  considered  as  quite 
general.  There  will  often  be  cases  where  much  more  frequent  and  thorough  inspection 
than  above  outlined  will  be  necessary,  especially  for  structures  which  are  canning 
traffic  much  heavier  than  that  for  which  they  were  designed,  or  which,  by  reason  of 
poor  design,  age,  or  injury  of  any  kind,  have  a  reduced  margin  of  safety.  Because 
of  inability  to  renew  some  bridges  in  time  for  changed  traffic  conditions,  uncertainties 
as  to  revision  work,  lack  of  time  for  replacement  after  injury,  or  other  reasons,  it  is 
occasionally  necessary  to  keep  in  service  structures  which  have  not  the  usual  margin 
of  safety.  The  manner  and  frequency  of  the  inspection  necessary  safely  to  maintain 
aack  structures  must  be  determined  separately  for  each  individual  case. 

"Railway  bridges  are  of  timber,  masonry,  or  metal,  and  occasionally  of  unusual 
design;  men  competent  to  inspect  one  kind  are  often  incompetent  to  inspect  other  kinds, 
and,  therefore,  it  may  be  necessary  to  limit  an  inspector  to  structures  of  a  certain  kind. 
It  is  scnmetimes  desirable  to  have  large  and  important  or  doubtful  structures  inspected 
by  expert  engineers." 

This  last  remark  of  the  committee's  does  not  carry  with  it  sufficient 
force;  because  it  is  highly  advisable  for  every  railroad  company  to  have 
all  its  bridges  examined  and  reported  upon  from  time  to  time  by  an  ex- 
pert who  is  not  regularly  in  its  employ.  He  is  likely  to  discover  some 
important  facts  that  have  been  overlooked  by  the  regular  employees  of 
the  road.  Such  occasional  examinations  to  a  certain  extent  serve  as  a 
partial  protection  to  the  company  against  excessive  claims  for  damages 
due  to  bridge  accidents;  because,  if  it  is  shown  that  the  company  took 
the  precaution  to  secure  expert  opinion  concerning  the  safety  of  its  bridges, 
any  jury  is  likely  to  conclude  that  it  did  all  in  its  power  to  avert  the 
accident. 

As  long  ago  as  1887,  in  a  discussion  at  the  Annual  Convention  of  the 
American  Society  of  Civil  Engineers  upon  the  subject  of  "Inspection  and 
Maintenance  of  Railway  Structures,"  the  author  wrote  as  follows  in  an- 
swer to  the  question,  "What  is  proper  bridge  inspection?"  and,  as  he 
has  had  no  occasion  since  to  change  his  mind  about  any  of  the  points 
therein  covered,  he  has  decided  to  reproduce  here  verbatim  that  part  of 
his  discussion.    It  reads  thus: 
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el  fiDoEB,  bad  rhreting,  twktod  or  othorwiw  dietotiiA 
kwee  eoDneetioaSi  etc.,  abo  tbe  yarioua  dVeeta  of  ww^t 
fuet»  deeeyed  tsahetf  cnusked  oeiitif^,  and  defeetlie 
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"VII.    Note  the  efifect  upon  the  bridge  of  rapidly  pasriag 
recording,  if  thought  neoessary,  the  deflections. 

"VIII.    Note,  if  possible,  the  names  of  the  dwagner  indL 
the  date  of  erection.  ^ 

*'IX.    Record  in  the  note4>ook  the  names  of  tbe 
party,  the  date,  and  the  time  spent  in  making  measmemeBAii^rrn^l 

"The  inspection  of  structures  the  dimensians  of  ndii^ 
made  simply  with  the  view  of  ascertaining  the  effect  of 
The  itons  are  mentioned  under  the  previous  ^»*«*^"*BP 
VII.    Before  making  such  an  inspection,  tbe  inspeotof 
notes  of  the  previous  inspections,  and  determine  wbeve  to  Mall 
of?rear."  ;:7f;i 


When  one  is  ejcamining  a  bridge  of  which  the 
at  hand,  he  should  check  the  structure  at  a  nxaaiKt 
to  make  sure  that  it  was  really  built  in  aeoordisMp^ 
ings;  and  if  it  be  found  that  m  any  particular 
ment,  the. drawings  should  be  discarded  entirelyy 
be  examined  and  measured  in  eicactly  the  8aiiie,s 
would  have  to  be  were  no  drawings  available.     ,^^ 

The  character  of  the  material  of  which  tb^ 
was  built  is  sometimes  difficult  to  determine. 
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of  metal  l^  rust.    It  is  usually  easy  to 
oi%b)al  ^mensions  of  any  sectiim;  for  rust  does 
hence  one  can  find  places  where  the  mendier 
1^  iMaitaring  the  section  at  the  pdnts  of  greatest 
vdMiinaine  tibe  percentage  of  lost  area.    By  obtain* 
'at  strveral  {daces  and  striking  an  average  tiiereof 
liis  judgment  may  dictate,  one  can  obtain 
Itf  detmoration  to  a{q)ly  to  the  metal  of  the  whide 
mJIjI  to  eettain  parts  of  it;  for  the  deterioraticm  will  be 
tiie  toor  aystem,  and  the  lateral  sfsrstem.    U  a 
badly  neglected  and  allowed  to  rust,  it  must  be 
/MMing  is  l^  no  means  as  serious  as  it  looks,  fcnr 
ftom  five  to  eig^it  times  as  thick  as  the  metal 
^iidfeBioved. 

hie  eonstantly  on  the  lookout  for  injuries  to  the 
P^Koiii  passing  trains  or  falling  objects,  or  1^  loco- 
jii||^|»tngB  frcsn  refrigerator  cars. 

workmanship  on  the  metal  qan  be  determined 

custcxmary  for  the  inspecting  engineer  to 

unless  he  encounter  some  glaring  evidence  to 
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fli^ets  is  done  by  a  combination  of  tiuee  senses, 
iKWilig.    Of  course,  it  is  not  necessary  to  tap 
rivets  in  a  structure,  for  the  experienced 
%liere  to  examine  for  loose  ones;  and  if  he 
tlienty  (20)  peir  cent  of  all  the  rivets  in  any 
liiere  are  mme  in  the  remainder  of  the  said 
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faedmotivey  a  heavUr  loaded  M^%^mt  ot  tii|b 
iii<|ieeUiig  par^  k  to  be  several  degni  m  tlie 
for  board  and  lodging  along  the  line  are  not 
a  private  oar  to  the  end  of  the  traia.    Qolte 
the  superintendent!  or  the  diief  engpneer  will  j#i 
and  accommodate  it  by  the  loan  of  hie  privato  ^Qif  ^ 
is  measured  and  inspected,  it  is  to  be  tested  loif  ^ 
deflectometer  upon  it,  preferably  at  mid-miaii, 
Wright  resting  on  the  river  bed,  and  measiniiig 
tions  (exaggerated  twofold  on  the  recording  ptpnr)^ 
at  rest  in  the  porition  which  will  produce  tibe 
then  at  different  velocities  gradually  inoreasedMQMtK 
able  limit  of  speed  of  train  is  reached  or  prudeiieii 
furtiier  risk  of  wrecking  the  structure.    The  raiNHi; 
flection  to  the  static  deflection  minus  unity  will  gNa^ 
pact  for  the  span  as  a  whole  under  the  train  veloi9li9l 
vdodty  has  to  be  determined  approximately  by 
pied  by  the  train  in  passing  a  measured  stretch  of 
judgment  of  the  engine  driver  or  train  conductor. 

In  making  the  computations  for  actual  in 
one  should  assume  a  live  load  of  the  usual  ^rpe 
loads  that  either  pass  over  the  line  ordinarily  or 
pass  over  it  in  the  immediate  future.    To  the 
from  this  assumed  live  load  are  to  be  added  the 
pact  and  the  dead  load  stresses  computed  froQi 
structure.    Generally  an  experienced  bridge 
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lidli^  it  is  economic  to  spend  in  repairing  an 

itt  Chapter  LXV.    It  should  receive  for  each 

consideration  by  the  inspecting  engineer  be- 

and  his  r^>ort  should  set  forth  clearly 

^  this  important  matter.    The  report  should 

,aks  to  the  probable  safe  life  of  each  bridge  that 

fiisti  of  the  existing  traffic,  and,  second, 

future  increases  in  the  live  loads  to  be 
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as  to  what  an  expert  bridge  engineer  should 
upon  bridges.    The  author's  practice 
is  to  charge  one  hundred  dollars  per  day 
all  the  time  spent  in  traveling,  examining, 
l^  a  railroad  company  to  examine  a 
ttiei  and  when  he  is  provided  with  a  special 
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train  and  all  the  necessary  facilities,  he  makes  an  average  charge  of  thirty 
(30)  cents  per  lineal  foot  of  structure  examined,  no  reduction  being  al- 
lowed for  duplicate  spans  nor  for  any  other  condition.  These  figures  axe 
moderate,  considering  the  importance  of  the  work  done  and  the  respon- 
sibility assumed  by  the  inspecting  engineer. 

Just  as  the  manuscript  of  this  book  was  about  to  go  to  the  printer, 
Messrs.  Hildreth  A  Co.  very  kindly  sent  the  author  a  copy  of  then 
standard  instructions  to  assistants  in  relation  to  the  examination  of  exist- 
ing railway  bridges;  and  as  these  are  very  complete  in  detail,  he  has 
decided  to  append  them  to  this  chapter,  not  only  because  of  their  thorough- 
ness but  also  because  it  is  well  for  the  reader  to  consider  the  subject  from 
more  than  a  single  point  of  view.    The  said  instructions  read  as  follows: 

''Inspection  of  ExisnNG  Rah^wat  BRmoES 

"General.  Notes  should  be  full  and  well  illustrated  by  photographs  and  sketches. 
Each  span  must  be  covered  separately  and  systematically  by  panels  in  consecutive 
order,  with  the  direction  to  the  nearest  important  station  indicated  at  the  first  panel 
point. 

''Note  character  of  approaches,  grade,  and  alignment  of  track.  Note  sue  and 
condition  of  ties,  rails,  and  rail  joints,  particularly  on  bridge  and  adjacent  to  bridge — 
on  both  sides  for  500  feet. 

"Foundations.  Note  any  evidences  of  settlement,  crack,  or  movement,  particu- 
larly  any  movement  tending  to  'pinch'  the  bridge.  Make  accurate  measuran«it8 
and  establish  bench  marks  and  reference  points  so  that  further  movement  may  be 
determined. 

"Anchoraqe.  Note  condition  of  anchor  bolts  and  nuts  and  wheth^  ih&ce  is 
ample  space  for  expansion  and  contraction.  There  should  be  allowed  1^"  per  100 
feet  for  range  of  temperature  of  150  degrees,  or  ^/too  of  the  span.  All  bearings,  par- 
ticularly roller  bearings,  must  be  clear  of  rubbish.  Note  any  tendency  to  uplift  or  over- 
turn bases. 

"Line.  Check  line  of  structure  with  transit,  including  sighting  bottom  and  U^ 
chords.  Check  line  of  tower  columns  for  bending,  and  sight  all  important  membera 
of  each  span  by  eye. 

"Camber.  Test  with  surveyor's  level,  or  for  short  spans  with  cord  or  piano  wire 
stretched  between  the  supports. 

"Deflection.  Test  deflection  imder  maximum  load  available  (preferably  two 
heaviest  engines  in  use,  coupled)  with  surveyor's  level,  or  for  short  spans  with  oord 
or  piano  wire  stretched  between  the  supports,  or  wire  with  weight  and  spring  balance 
at  the  centre. 

"Rivets.  Test  all  rivets,  particularly  field  connections,  with  special  care  for  floor 
connections.  In  plate  girders  test  carefully  rivets  near  ends  and  those  of  lateral  and 
sway  connections.     Look  for  rust  streaks  below  rivets,  indicating  looseness. 

"Pins.  Look  for  evidences  of  wear  and  bending,  particularly  at  hip  verticals. 
Note  movement  of  pin  nuts. 

"Bearings.  Examine  all  bearings  of  compression  members.  Examine  stringer 
ends  which,  if  on  shelf  angles  or  top  flange  angles  of  floor-beams,  should  have  brackets 
or  web  stiffeners  beneath  the  stringer  bearing. 

"Bracing.  Shake  all  braces  and  note  any  which  are  loose  or  bent.  See  that 
adjustable  rods  are  taking  sufficient  and  uniform  tension. 

"Counters.    Shake  all  counters  and  examine  carefully  to  determine  that  they 
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CHAPTER  LXV 

RECONSTRUCTION,  BfAINTENANCE,  AND  REPAIR  OF  EXISTINQ 

BRIDOES 

Experience  shows  that  any  metal  bridge  of  imperfect  design  mate- 
rially overioaded  or  ineflfectively  painted  deteriorates  with  age  and  use, 
and  that  there  is  a  limit  to  the  time  dming  which  it  can  perform  its  fimc- 
tion  satisfactorily  and  safely.  The  continual  increase  in  live  loads  and 
also  that  of  the  speed  of  trains  tend  to  hasten  the  day  of  its  replacement. 
To  prolong  its  life  as  much  as  possible  calls  for  the  skill  of  the  bridge 
expert  and  requires  regularity  of  attention  in  order  to  recognize  the  smaller 
defects  and  deteriorations  as  they  develop  and  to  remedy  them  before 
they  become  serious.  This  work  is  included  under  the  term  maintenance. 
Where  some  accident  results  in  slight  damage  to  the  structure  beyond 
the  usual  wear  and  tear,  necessitating  restoration  on  a  more  extensive 
scale  than  that  of  ordinary  maintenance,  the  work  is  embraced  under  the 
head  of  repairs.  There  is  no  well-defined  line  between  these  two  classes 
of  operations;   and  it  is  difficult  at  times  properly  to  classify  such  work. 

Reconstruction  may  be  considered  to  cover  the  more  extensive  re- 
pairs and  replacements  of  certain  portions  of  the  structure  whether  neces- 
sitated by  a  serious  accident,  or  by  an  accelerated  deterioration,  or  by 
increase  in  loading.  Neither  is  there  a  sharp  distinction  between  repairs 
and  reconstruction,  but  rather  a  merging  of  the  two  classifications.  How- 
ever, it  is  always  well  to  attempt  such  a  division  in  order  to  promote  an 
adequate  system  of  accoimting. 

Maintenance  embraces  preventive  work.  The  prevention  of  rusting 
by  promptly  painting  eith(*r  the  entire  span  or  the  aflfected  portions  of 
it,  the  cleaning  of  dirt  away  from  the  shoes  or  bearing  plates,  the  oiling 
of  rollers,  and  the  covering  of  floor-beams  with  boards,  so  that  the  brine- 
drippings  from  the  refrigerator  cars  cannot  strike  the  metal,  are  all  ex- 
amples of  maintenance.  Such  prevention  work,  to  be  most  effective, 
calls  for  frequent  and  regular  inspections  and  a  system  of  records  that 
will  enable  the  engineer  in  charge  to  know  at  all  times  the  true  condi- 
tion of  his  structures  without  doing  any  guessing.  Positive  knowledge 
is  needed  as  a  basis  for  efficient  maintenance.  The  cutting  out  and  re- 
placing of  a  rivet  that  has  worked  loose  might  also  properly  be  included 
under  maintenance;  but  the  replacing  of  many  such,  or  the  adding  of 
new  stiffeners  or  cover  plates  to  floor-beams  or  stringers,  would  come  under 
the  head  of  repairs.  This  could  logically  be  extended  to  cover  the  re- 
placing of  the  entire  floor  system  or  of  a  lateral  system,  while  the  taking 
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down  of  the  trusses  and  remodeling  them  should  come  under  the  head 
of  reconstruction. 

To  give  the  reader  some  idea  of  the  various  practical  difficulties  met 
with  in  maintaining  and  repairing  bridges,  the  author  offers  the  following 
information,  which  was  fmnished  him  through  the  courtesy  of  James 
MacMartin,  Esq.,  C.E.,  Chief  Engineer  of  the  Delaware  &  Hudson 
Railway  Company: 

"Some  of  the  Principal  Troubles  Met  with  in  the  Maintenance  of  Bridobs. 

'^Bridge  Bearings 

*'In  a  number  of  cases  of  bridges  constructed  before  the  general  use  of  a  pedestal 
and  pin  for  the  end  bearing  (other  than  for  pin-connected  spans)  the  masonry  under 
the  bearings  has  become  loosened;  and  in  some  instances  portions  thereof  have  been 
broken  off,  due  to  the  deflection  of  the  trusses  bringing  a  bearing  upon  the  front  edge 
of  the  supporting  casting. 

"In  cases  where  track  stringers  rest  directly  upon  the  masonry,  especially  when 
the  bridge  is  on  a  skew,  the  tendency  is  for  the  stringer  bearing  to  work  itself  into 
the  stonework,  requiring  the  resurfacing  of  the  stone  and  the  use  of  additional  plates 
to  bring  the  track  to  grade. 

"Where  the  fixed  ends  of  some  spans  are  on  the  abutment  at  the  high  end,  when 
the  structure  is  on  a  grade,  cases  have  been  foimd  in  which  the  bridge  has  pulled  the 
abutment  forward,  owing  to  the  rollers  being  small  and  not  working  as  they  should. 
A  number  of  the  older  spans  show  signs  of  the  bearing  plates  sliding  on  the  rollers 
rather  than  the  rollers  turning.  The  use  of  pedestals  with  pins  for  bearings,  adopt- 
ing end  floor-beams,  increasing  the  size  of  rollers,  and  placing  the  latter  on  the  abut- 
ment at  the  high  end  of  the  span  have  reduced  the  above  defects  to  a  minimum. 

"Track  Strinoers 

"In  earlier  designs,  where  I-beam  stringers  were  used  and  the  lower  lateral  brac- 
ing was  connected  to  the  bottom  flanges  of  these  beams,  the  holes  through  the  stringers 
have  been  found  cracked  through  to  the  outside  of  the  metal;  and,  in  some  cases  of 
end  track  stringers,  the  whole  bottom  flange  has  parted  at  this  point.  Where  these 
I-beam  stringers  rest  on  the  masonry  the  webs  have  been  found  cracked  to  a  distance 
of  three  (30  feet  from  the  ends,  and  the  said  beams  have  been  discovered  to  be  so  badly 
cr3rstallized  as  to  make  it  necessary  to  renew  all  the  stringers  in  the  bridge.  We  have 
eliminated  the  use  of  I-beam  stringers  from  all  but  a  very  few  of  our  bridges,  and  are 
doing  away  with  them  as  rapidly  as  possible.  We  do  not  approve  of  the  use  of  I-beams 
for  floor-beams,  stringers,  or  members  subjected  to  tension;  using  them  only  for  short 
^Muis  over  cattle  passes  and  culverts.  We  have  experienced  none  of  the  above  men- 
tioned troubles  from  the  use  of  built  sections. 

"In  some  of  our  single-web,  deck  bridges  some  trouble  has  been  experienced  with 
the  low^  chord  webs  at  the  ends  just  in  front  of  the  bearings.  Where  there  are  no 
angles  on  top,  the  webs  have  cracked  from  the  upper  edge  down  to  the  bottom  flange 
angles.  This  has  been  noticed  also  on  some  viaduct  spans  that  were  riveted  to  towers. 
Where  angles  are  used  on  the  top  edge  of  the  webs  this  defect  has  not  been  noticed. 

"Rivets 

"In  cases  where  floor-beams  rest  directly  on  top  of  the  lower  chords  in  through 
bridges,  and  on  top  of  the  upper  chords  of  deck  bridges,  a  small  percentage  of  the 
rivets  connecting  the  floor-beams  to  the  chords  have  been  found  loose;  and  we  are 
constantly  replacing  such  rivets.  A  few  loose  rivets  are  occasionally  discovered  in 
the  connections  of  the  web  members  to  the  chords.     In  cases  of  single-web  bridges  of 


If^^v--" 


to  aatn  <#  iMpi^ 

ilmliiimli  for  dedc  hiAd^itB  9itBhtStk  iritk 
AttM  ft  imiiimnir  to  ooOeei  Momid  the  bmlBai  itti 

4iittMl1iiKf«  jfaud  Ike  Aofdi  end  tiie  tfctflritoiini 

itojl^    <Bitfaii*iHiiir  liie  twfite  Mil  to  tibe  Mt^MiMdi 
ttl  vM'ieMi  enlinfar.  lettovM  tUi  troiiile  to  s  iiiaif 

ttlHMcboidiiu   It  it  onlsr  Ir  iMid^Hi  of  en^sr  deleft  ti^ 


m 


.  * 


itf-.>^i*-;^MSa 


ir«*^^-^^- 


r    ■m. 


;a^^.K-i*\= 


•^Tt   ,'Wi'. 


H.  Ibeon,  Eiq.i  C.  E.^  Bridge  Engiiiear  idttmi 
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tmg  in  additiaQal  riveto  where  the  old  apecing  is  tndtt  ttiait 
cannot,  we  have  helped  the  matter  somewhat  by  learning 
in  laiger  rivets.    The  best  remedy  in  oases  ol  this  fcinl  H'^ 
bridges;  and  we  generally  do  this  as  soon  as  we  oea  nUlr 
of  overload  in  the  manner  described.  '   l"^^ 

'*In  the  old  throu|^-girder  bridges  with  floor4beatne  IW^ 
loose  in  the  floor  connections,  and  the  connection  angles 
this,  we  put  in  heavier  connection  an|^  and  laiger  riTSlfk 

"In  the  old  pin-connected  trusses  some  of  the  batslii 
often  loose  and  wear  badly  on  the  pins.    This  is  hd^pM 
ban  of  one  member  together.    Ban  also  wear  at  the 
main  diagonals.    This  is  helped  by  damping  the  two 
beam  hangen  have  a  tendency  to  woric  loose;  this  we 
on  check  nuts  where  the  thread  is  long  enough  to  pentii 
after  adjusting. 

"We  have  had  trouble  with  the  floor4>eam  webe 
the  ends  when  they  are  supported  by  hangen.    We  iemedlif 
tional  stiffening  angles.    We  have  had  the  same  trouUe  wiffk 
mentioned  in 'the  through  girden,  and  have  remedied  this  M 

"On  our  old  drawbridges,  we  have  had  the  same 
connections  as  in  the  pin-comiected  trusses;   and  we  hat^ 
remedying  it.    These  old  drawbridges  had  no  end  liftSi 
siderable  hammering  at  the  ends.    This  caused  the 
also  caused  trouble  with  the  track  rails  at  the  ends  of  Ijht 
have  remedied  by  putting  wedges  at  the  end  and  deenre^ 
wheels  over  the  joint  in  the  rails  at  the  ends  of  the  bridpk  x 

"With  our  new  bridges,  we  have  had  no  trouble 


L^i 


S^^^ 


MK^^ 


4.  .*^«M  - 


if  >*  K-i^-Ji 


J      .       f.  I.J 


iK;^ 


■imics-:'.- 


>t^:-^^. 


RECONSTRUCTION,   MAINTENANCE,   AND  REPAIRS  1525 

On  all  opetk-tiooir  bridges,  both  old  and  new,  the  drippings  from  refrigerator  cars  cause 
more  trouble  than  anything  else  I  know  of.  It  is  impossible  to  get  any  kind  of  paint 
that  will  protect  them  properly.  Usually  in  bad  places  the  paint  will  last  less  than  a 
year  on  these  bridges.  In  general,  the  damage  is  worst  at  the  ends  of  the  old  bridges 
where  they  rest  on  masonry,  as  these  bridges  have  no  pedestals  imder  the  ends,  so 
that  the  dirt  easily  collects  around  them,  and  the  brine,  together  with  the  dirt,  very 
rapidly  corrodes  the  metal.  The  best  remedy  I  have  found  with  this  class  of  bridges 
is  putting  a  wooden  board  about  1"  thick  in  between  the  ties,  so  as  to  act  as  a  trough 
to  cany  cS  the  brine.  There  is,  howev^,  one  trouble  with  this  method,  and  that  is  that 
the  dirt  and  cinders  collect  in  these  troughs,  and  it  is  expensive  to  keep  them  clean. 

"Tlie  larger  part  of  our  new  bridges  are  ballast-floor  structures,  consisting  of  I- 
beams  with  ^"  plate  on  top  of  same.  With  these  bridges  we  have  no  trouble  what- 
ever, exisept  that  in  aome  of  the  older  ones  the  rivets  in  sphces  in  the  floor-plate  work 
loose  and  cause  the  floor  to  leak  at  these  places.  This  we  have  remedied  by  putting 
in  additional  rivets  in  the  spUces. 

"We  have  had  considerable  trouble  with  our  old  stone  masonry,  such  as  abutments, 
piera,  and  arches,  that  are  made  of  Joliet  stone.  This  stone  has  cracked  and  spawled 
quite  badly;  but  we  have  generaUy  foimd  that  taking  off  the  old  copings  and  putting 
in*new  concrete  ones  will  bind  the  abutments  and  piers  well  together,  thus  helping 
matters  considerably." 

Modem  scientific  designing  has  eliminated  many  of  the  defects  so  ap- 
parent in  old  structm'es;  but  familiarity  with  them  will  benefit  the  rising 
generation  of  engineers,  as  there  are  many  old  bridges  still  extant.  More- 
over, a  p>enisal  of  the  above  statements  will  give  them  a  better  apprecia- 
tion of  the  raisan  d'Ure  of  many  of  the  clauses  in  the  present-day  speci- 
fications. 

The  engineer  will  at  times  be  confronted  with  the  question  of  the 
advisability  of  makmg  extensive  repairs,  reconstnictmg  the  old  bridge, 
or  buildmg  anew.  In  deciding  such  a  question,  the  guiding  principle 
should  be  that  of  securing  a  minimum  annual  cost.  In  this  the  cost  of 
repairs,  or  of  the  reconstruction,  is  to  be  considered  in  connection  with 
the  length  of  time  that  the  same  will  be  effective;  and  it  must  be  remem- 
bered that  such  period  of  effectiveness  is  likely  to  be  dependent  upon  the 
probable  remaining  life  of  the  bridge  itself  rather  than  that  of  the  repaired 
details  per  se.  The  annual  cost  is  found  by  adding  to  the  interest  on  the 
first  cost  any  annual  charges  for  maintenance,  etc.,  and  the  annuity  re- 
quired to  redeem  the  principal  or  a  portion  thereof  in  the  allotted  number 
of  years. 
Let  S  =  first  cost  of  new  structure. 

R  =  first  cost  of  proposed  repairs  or  reconstruction,  plus  the  present 
salvage  value  of  old  structure. 

n  ==  the  number  of  years  that  the  repaired  structure  will  be  effective. 

b«  and  br  =  value  of  old  materials  in  the  new  and  the  old  structures, 
respectively,  at  the  end  of  n  years. 

Cg  and  Cr  =  cost  per  anniun,  respectively,  of  maintaining  the  new 

structure  and  the  repaired  structure. 

M  =  annual  installment  to  provide  a  sinking  fund  to  redeem  one 
dollar  at  the  end  of  n  years  at  compound  interest,  as  given 
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in  Table  65a;  which  has  been  taken  from  Merriman's  '' Amer- 
ican Civil  Engineers'  Pocket  Book." 

r  =  rate  of  compound  interest. 


Then 
Let    Ag 

Ar 

Then^l, 
and    Ar 


JIf  = 


(1  +  rr-r 


''annual  cost"  of  new  structure, 
''annual  cost"  of  old  structure  repaired. 

Sr  +  C.  +  itf  (S  -  6.), 
Rr  +  Cr  +  M  (R-  br). 

TABLE  65a 
Annual  Inbtallment  Rbquued  to  Accumulatb  Onb  Dollar 

(Installments  Plus  Interest  Earnings) 


Number  of 

— i.                            .                                             .    _  .  _  _ 
Raibb  op  Compound  Intbukt 

Yean 

2% 

2H% 

8% 

8H% 

4% 

4H% 

6% 

1 

1.00000 
0.49505 
0.32675 
0.24262 
0.19218 
0.09133 
0.05782 
0.04116 
0.03122 
0.02465 
0.02000 
0.01655 
0.01391 
0.01182 

1.00000 
0.49382 
0.32514 
0.24082 
0.19025 
0.08926 
0.05577 
0.03915 
0.02928 
0.02278 
0.01821 
0.01484 
0.01226 
0.01026 

1.00000 
0.49261 
0.32353 
0.23902 
0.18835 
0.08723 
0.05380 
0.03722 
0.02743 
0.02102 
0.01654 
0.01326 
0.01080 
0.00886 

1.00000 
0.49140 
0.32193 
0.23725 
0.18648 
0.08524 
0.05183 
0.03536 
0.02567 
0.01937 
0.01499 
0.01183 
0.00945 
0.00763 

1.00000 
0.49020 
0.32035 
0.23550 
0.18463 
0.08329 
0.04994 
0.03356 
0.02401 
0.01783 
0.01358 
0.01052 
0.00826 
0.00655 

1.00000 
0.48900 
0.31877 
0.23374 
0.18279 
0.08138 
0.04811 
0.03187 
0.02244 
0.01639 
0.01227 
0.00934 
0.00720 
0.00560 

1.00000 

2 

0.48780 

3 

0.31721 

4 

0.23201 

5 

0.18098 

10 

0.07950 

15 

0.04634 

20 

0.a3024 

25 

0.02095 

30 

0.01505 

35 

0.01107 

40 

0.00628 

45 

0.00626 

50 

0.00478 

A  little  reflection  will  show  that  it  is  necessary  to  take,  for  purposes 
of  comparison,  the  life  of  the  repaired  structure  as  a  basis  for  determining 
the  annuities;  for  after  the  life  of  the  repaired  structure  has  elapsed  it 
will  have  to  be  removed  and  a  new  structure  built.  Whereas,  if  the  new 
structure  had  been  built  instead  of  repairing  the  old  one,  it  would  still 
have  at  the  end  of  n  years  considerable  remaining  life  and  residual  value. 
Hence  it  is  suflScient  to  figure  the  "annual  cost"  of  the  amount  of  de- 
preciation of  the  new  structure  for  "n"  years. 

For  the  purpose  of  making  the  principle  clearer,  let  us  assume  that 
an  old  structure  having  a  salvage  value  of  $500  can  be  made  serviceable 
for  ten  more  years  (when  its  salvage  will  be  $100)  by  expending  $1,000 
on  it  for  repairs,  and  that  a  new  structure  replacing  the  old  one  would 
cost  $2,000  and  that  it  would  last  thirty  years,  but  that  it  would  gradu- 
ally depreciate  according  to  some  law  so  that  at  the  end  of  ten  years  it 
would  be  worth  $1,700.    Then  the  annuity  must  be  such  that  the  $300 
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of  depreciation  would  be  replaced  at  the  end  of  the  ten-year  period.  Rate 
of  interest  5  per  cent.  Cost  of  maintenance  of  old  structure  1.5  per  cent 
per  annum  and  of  new  structure  1  per  cent  per  annum.  The  annual  cost 
of  new  structure,  for  purposes  of  comparison,  becomes 

A^  =  (.05  X  2,000)  +  20  +  (.0795  X  300)  =«  $143.85, 

while  the  annual  cost  of  the  old  structure  becomes 

Ar  =  (.05  X  1,500)  +  22.5  +  (.0795  X  1,400)  =  $208.80. 

In  this  case  it  would  be  better  to  sell  the  old  structure  for  the  $500  and 
apply  it  on  the  cost  of  the  new  one. 

If  the  original  salvage  value  of  the  old  structure  be  neglected,  the 
annual  cost  would  then  become 

Ar  =  (.05  X  1,000)  +  22.5  +  (.07950  X  1,000)  =  $152.00, 

which  still  leaves  the  new  structure  the  more  economical  of  the  two. 
Generally  speaking,  if  the  use  of  a  Hibemianism  be  permissible,  the  easiest, 
most  economical,  and  satisfactory  way  to  repair  an  old  bridge  is  to  tear 
it  down  and  build  a  new  one. 

Observation  shows  that  depreciation  proceeds  slowly  at  first  and  be- 
comes more  rapid  as  time  advances  and  as  the  loading  increases.  It  is 
not  practicable  to  state  the  law  that  governs  the  physical  processes  of 
deterioration,  if,  perchance,  such  a  law  exists.  The  eminent  bridge  spe- 
cialist, J.  C.  Bland,  Esq.,  C.E.,  Bridge  Engineer  of  the  Pennsylvania 
Railroad  System,  has  studied  deeply  into  this  question ;  and  in  his  tenta- 
tive investigation,  which  he  had  to  make  with  most  insuflScient  data,  he 
suggested  three  methods,  two  of  which  he  declared  to  be  faulty,  and  the 
third  only  approximately  satisfactory.  His  method,  reduced  to  math- 
ematical form,  may  be  given  by  the  equation, 

(1  +  tr-i 

(1  +  0"  - 1' 

where  D  =  the  proportional  depreciation  at  the  end  of  x  years, 
i  =  rate  of  interest  expressed  in  hundredths,  • 
n  =  total  number  of  years  of  useful  life  of  the  structure, 
and      X  =  number  of  years  at  which  the  depreciation  is  figured. 

This  formula  was  established  by  analogy,  and  no  claim  is  made  for 
its  correctness. 

The  author  is  of  the  opinion,  however,  that  the  depreciation  will  vary 
more  nearly  according  to  the  ordinates  of  a  parabolic  curve,  which  is 
expressed  by  the  formula. 

D  =  ax*. 
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jif  ieteriamt^    for  the  steelwork  of  a  pnq^si||r 
,$ltitx0t9if  piop^    ooQstnwstad,  aad  prai^^ 
dUBitarafe  a<  ofl,  unless  the  live  kwd  be 
Inolt;  and  for  such  a  structure  if  the  up-keep 
the  detei«»atbn  by  nisting  will  be  iskm;  but 
more  rusted  the  metal  is  the  more  rapid|jr  ther 
heme  it  is  f  ahr  to  ascume  thaty  as  &r  as 
tbef  rate  will  vary  as  the  square  of  the  life. 
'    In  case  it  is  decided  to  repair  or  roodoslMM 
step  to  take  is  to  form  a  plan  for  so  d<nng.    if  HMt 
trti^tiigthened,  the  rtringers  may  be  doubled  up^ 
€ted  to  the  flanges  of  the  floor-beams,  and 
faisorted  at  pointe  of  concentrated  loading; 
the  St.  Louis  and  San  Frandsco  Railway 
This  sort  of  repairing  generally  pays,  as  the  troMii 
load  while  the  floor  system  does  so  quite  often, 
for  repairs  of  this  nature;  and  the  placing  <rf  ilitt  liMi 
ally  be  arranged  for  between  trains  so  as  not  to 

Where  plate  girder  spans  are  to  be 
process  is  practicable  and  not  expensive;   and  it  i 
any,  with  the  regular  train  service.    At  times  old 
placed  to  material  advantage  by  inserting  one  or  t 
the  old  ones  and  substituting  plate  girders  for  the 
scheme,  providing  the  waterway  will  permit  of  ra^ 
tion  and  that  the  Government  raises  no  ob]ectidi%^ 
followed  to  a  large  extent  by  the  author  in 
for  the  International  and  Great  Northern  ttaibra^ 
and  in  rebuilding  the  Black  Hawk  Chute  porttbn 
Railway  Company's  Mississippi  River  Bridge  at 
instances  many  of  the  piers  had  to  be  remodeled  fcgr; 
and  the  upper  courses  of  masonry  and  rebuilding 
obtam  a  larger  top.    The  old  spans  had  to  be 
close  to  the  piers  while  the  tops  of  the  latter 

When  old  truss  spans  are  to  be  replaced,  the 
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^  fpaii  1)11  onder  to  iriqq^  # 

lIMwiit  dijikiB^   Tba  ispkmum*^  of 

m ;  and  this  ^<mfl»  irfioiiM  be  mado 

Iqiip  an  cM  biidsB  qpen  for  tniffie  wli^ 
^Sienu  Jb  fliidi  a  ease  the  new  qpaoa 
oidL    lUbaworit  is  oolistniotad  undar. 
it  69Etira  vifidth  to  appoomu 
Jkp  ^^airy  the  live  load  in  a4<litioii  to  tim 
tcuM  and  the  iiDMr  latiKrab  aie  erected.  thBii 
,  que  pieoe  idi  a  tiine)  the  cM  floor-beaisii 
j|fv  qiiQe  J^      in  and  eQiiiie<^ed  to  the  sew  trpwi^ 
ape  ipplaeed^  cme  at  a  time^  by  the  new  onea;  aqdi 
aie  let  in.  and  riveted  up,  after  whidi  th^  falae^ 
eairjrbig  of  the  new  metal  by  the  old  ep^ 
is  fKMnetimeB  done.    See  ^  aoeoiiiit 

of  subiBtracture,  especially  below  .tbei 

Ifptfc^  moire  difficulty  thaais  that  <^  the  siqieiiritip!* 

jp^sfpapy  to  enlaigB  the  tops  of  old  juere  in  qr^^r 

it  is  then  essential  to  support  the  adjaemt  ^m^ 

dose  to  and  on  each  side  ci  the  juer. 

of  the  top  of  the  old  pier  is  taken  off,  and 

^^mtlcal  faces  is  built  on,  thus  providing  a  larffBr 

Jhn^tter  increase  can  be  had  by  constructing  a 

the  coping.    If  additional  strength  is  required, 

be  Inixfed  in  the  new  top  in  order  to  distribute 

j^  Iqad^  over  the  mass  of  the  pier.     Before  plao* 

Ipd  crevices  in  the  old  masonjy  should  be  filled 

MfO^    The  joints  and  beds  of  the  masonry  courses 

^inoftar  dug  out  and  new  mortar  rammed  into 

.^^J^  the  old  masonry  show  signs  of  disintegrationy 

removing  all  the  loose  material  and  thor- 

and  saturating  it  with  a  stream  of  water. 

be  filled  with  either  Portland  cement  mor- 

^luch  a  wire  netting  is  to  be  stretched  around 

tbefeto  with  spikes.    A  final  coating  of  mor- 

t  gun.    This  method  was  successfully  em- 

of  the  Chicago  &  Western  Indiana 
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M^|«!r  be  biiiit  cm  top  tif  lliii 

liiililjf  #^^^  stiaee.    After  dedhv  ^ 

ilM  old  irier  k  to  faeeMtt^iil^ 

IBMpii^  iiemai^  an  angmenfed  bearing  avcil 
dQtatMe  leiitforcement  ean  be  caitied  to  anjr 
a  portion  of  the  load  is  effectivdy  tranaferrbd  iili 
inereaad  area  of  base  will  not  relieve  the 
foundation.    An  exoeDent  example  of  this  iMAiy 
given  in  Vol.  LXXIX  of  the  TransacHcna  of  ihe 
Engineers  for  November,  1914,  the  case  cited 
Junction  Bridge  at  Little  Rock,  Arkansas,  dwtied 
Mountain,  and  Southern  Railway  Company.    &timb^^ 
not  located  accurately,  bemg  two  or  three  feet 
eccentric  loading,  and  the  timber  crib  above  the 
with  sand  instead  of  riprap.    As  the  sand  leaked  ^ofliiti 
was  thrown  on  the  timbers,  and  a  crushing  and 
occurred  shortly  after  the  completion  of  the  bridgeg 
slowly  thereafter  until  repairs  were  made  fifteen 
uable  lessons  can  be  learned  by  a  careful  readini 
paper.    Among  them  are  that  timber  cribs  should 
concrete,  that  caissons  should  be  sunk  with  great^lr* 
should  be  large  enough  to  admit  of  some  shifting  df^ 
in  order  that  it  may  be  built  in  exact  position,  thU 
have  more  than  a  bare  sufficiency  of  area  under 
the  shoes  of  the  spans,  that  some  logical  method 
should  be  employed  on  every  job  that  will  fix 
protection  of  the  resident  engineer  and  his 
neer,  lies  in  going  on  record  in  an  effective  way 


tt^''- 


^:^^H^'^■'•^-:. 


r^T^'^'-' 


f 


»; 


-/-..^  ■«*-^.°i 


rm 


r^^^j^^m 


K*^'.fr 


'W^' 


p 


to 


im^ 


.m^ 


>.«.  4  •*«.'; 


%  imM^  ovier  ooe 

hMiidwid  ^^Mwiwitifl  doUank  that  the  m^j^inii 
Ipt  J|ie  jpfobaUe  Ufe  .of  the  gfeiriiotar^i^'  ' 
^  ei^iwlatioiDe  described  earlier  i 
imi^  JbeiikieRi  would  have  aaiM 
^Iflil^^K^  Af((Br  some  tell 

C^0ap^a;yf  ii»,m^oymm%  for 
aad  aa  the  inootxi^  ^701^ 
It  ;lil0  flpoQ  afterward  doeed  to  traffio  m 
iMsfoaches  a  inaas  of  mstiiis  iroii  that  flOBi&4 

the  author  desireB  to  express  his 
and  Bland  for  their  courtesy  in 
ton  herein  quoted. 
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mibire  sabetantially  and  hooesiljr;  fdr 
waa  dieap,  and  deaignen  madk^'a  piitii^^ 

jJMi  tttaiavagax^       of  it  and  by'eiiij^bi^b^^ 
iiliMdOiMik^f  having  their  nmnbeii  eoniieeleif 
it  #^^  intersection.    Again,  in  thoee  djqra 
te  an  art,  and  the  buflding  d  a  brid^  wid 

ty  oMaequfflitly  bridge  oonstraction  waa 
earpent^nra;  and  thoee  m^i,  hai/ing  btit  II 
toolE  a  i»ide  in  thdr  work  and  built  thdr 
tecting  them  at  great  expense  against  the 
atow  by  housrog  them  in  on  top  and  sides, 
made  ibe  bridges  so  heavy  that  vibration  wii 
results  of  impact  were  reduced  to  a  minimum; 
of  intersection  employed  so  divided  the  otyeslteii 
any  member  or  connection  that  had  a  tendency  to 
consequence  of  these  facts  was  that  the  bridges 
scientific  and  uneconomic  in  the  extrone,  laMeil 
today  some  of  them  still  exist  and  serve  as  a 
and  skill  of  their  builders,  who  have  long  since 

But  with  the  advent  of  iron  bridges  came  a 
tribution  and  the  custom  of  proportioning  eeaik 
for  the  computed  theoretical  static  stress  upon  it, 
given  to  the  effect  of  impact,  and  no  real  ai 
connecting  details.  The  accumulation  of  book 
times  consisted  essentially  of  theory,  caused  the 
awe  and  respect  upon  the  art  of  bridge  building; 
unskilled  workmen  but  also  mere  bookworms  begttft 
too,  could  build  bridges.  The  result  was  a  great 
of  bridge  builders,  keen  competition  for  coi 
structures  with  a  more  than  corresponding  red' 
proportioning  solely  to  comply  with  set 
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aDy  fixed  by  ignorant  commissioners  or  equally  ignorant  county  survey- 
ots),  ignoring  of  all  considerations  of  rigidity,  adoption  of  extremely  light 
live  loads,  and,  in  short,  skinning  the  design  and  cheapening  the  construc- 
tion in  every  possible  manner  in  order  to  secure  contracts.  ITie  effect  of 
this  condition  of  affairs  was  soon  evident,  for  highway  bridge  disasters 
quickly  became  common,  and  bridges  comparatively  new  had  to  be  replaced 
because  of  glaringly  evident  weaknesses  too  difficult  to  correct.  The  road 
roller  and  the  traction  engine  b^an  to  get  in  their  deadly  work,  and 
metal  structures  over  railways  commenced  to  fail  from  corrosion,  because 
of  the  cheap  paint  used  and  the  thin  sections  adopted.  Such  structures 
have  been  rightly  named  "tin  bridges,"  and  their  builders  have  appro- 
priately been  dubbed  "highwaymen."  Indeed,  in  one  sense  they  are 
worse,  for  highwaymen  usually  demand  "your  money  or  your  life,"  while 
these  bridge  builders  do  their  best  to  take  both!  Their  object  is  invari- 
ably to  obtain  the  maximum  amount  of  money  for  the  miminum  amount 
of  bridge,  and  to  succeed  therein  they  often  find  it  advisable  to  "stand  in" 
with  the  county  commissioners.  That  such  "standing  in"  is  not  unusual 
is  proved  by  the  following  amusing  anecdote  told  by  the  late  C.  E.  H. 
Campbell,  a  well  known  western  bridge  contractor,  in  the  columns  of 
Engineering  News: 

*'A  certain  bridge  company  sent  its  agent  to  bid  on  a  large  highway  bridge.  The 
agent  found  strong  odds  against  him  and  wrote  his  superiors  for  advice.  The  company 
wrote  back  that  a  proper  amount  of  '  the  long  green  *  judiciously  placed  where  the  proper 
officials  would  find  it,  would  do  more  toward  securing  the  contract  than  all  the  chin 
music  that  he  could  grind  out.  Unfortunately  (?)  the  agent  lost  the  letter  of  advice. 
It  was  found  by  the  agent  of  a  rival  concern,  who  immediately  had  several  hundred 
copies  printed  and  distributed  all  over  the  country  so  as  to  warn  the  'unsuspecting 
agriculturalists'  (who  filled  the  county  offices)  against  those  bad  persons,  and  thereby 
run  them  out  of  the  business;  but,  strange  to  relate,  an  unprecedented  wave  of  pros- 
perity soon  overtook  the  bad  company,  and  for  several  years  afterward  they- did  a 
thriving  business,  often  obtaining  contracts  at  higher  prices  for  lighter  work  than  their 
rivals,  and  they  still  continue  business  at  the  old  stand,  over-reaching  all  competitors.'' 

Soon  after  the  advent  of  iron  bridges,  pooling  of  competitors  became 
an  established  custom,  and  this  so  multiplied  the  number  of  bidders  that 
Uieir  name  became  legion.  All  that  a  bridge  agent  or  scalper  needed  in 
order  to  obtain  his  "rake-off"  was  a  bundle  of  old  drawings,  some  printed 
forms  to  fill  out,  and  imlimited  assurance.  Many  amusing  stories  are 
told  of  bridge  lettings  and  of  the  devious  ways  of  the  competitors,  a  num- 
ber of  which  have  found  their  way  into  print.     Here  is  one  that  has  not : 

Some  years  ago  half  a  dozen  "highwaymen"  met  on  a  railway  train, 
which  they  had  taken  to  attend  a  bridge  letting,  and  there  formed  a  pool 
with  a  good  commission  for  each.  Mr.  T.,  another  "highwayman"  and 
a  past  master  in  the  art  of  securing  contracts,  happened  to  be  in  the  same 
train  on  his  way  to  New  York.  He  knew  nothing  of  the  letting,  but  seeing 
six  of  his  usual  competitors  in  one  of  the  coaches,  he  went  to  his  berth 
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W^^  and  he  fund  it  sevwral  tmml^^g^ 

tn^ifts.    On  one  ooca8i<mi  having  to  l»d  on ,% 
aDboiitted  the  aame  aheet.  aeonred  the 
to  the  little  manufaotoring  oompany  wfaicii 
for  hia  auperstructorai,  and  obtained  the 
being  offered.    Having  been  ao  auclMBfiit  iM 
the  scheme  again  with  a  one-hundied-foo| 
Thus  encouraged,  he  gradually  increaaed  tip 
the  diagram  aorve  until  he  reached  (me  hnncba4 
the  manufacturing  company  wrote  him  abouftHie 

''You  have  aheady  stretched  that  old  iriaria|jif 
elastic  limit,  and  we  refuse  to  be  a  party  to  anj^ 

Pooling  is  illegal,  and  in  some  states  it  is  a  q; 
able  with  both  heavy  fine  and  imprisonment; 
in  the  highway  bridge  business;  and  as  long  ai 
ducted  in  the  manner  still  in  vogue,  just  so  1 
continue.    County  commissioners  are  themselvei  io' 
state  of  affairs;   because  they  make  a  practice  (if  ^ 
upon  competitive  plans,  and  thus  attract  a  huge 
letting,  putting  each  competitor  to  coneideralde 
traveling  but  also  occasionally  for  preparing 
taught  the  competitors  that  there  is  seldom  any 
bid,  and  that  it  is  one  of  the  men  on  the 
secures  the  contract.    All  traveling  and  biddii% 
to  be  paid  by  somebody,  because  "high 
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UnixeoMbruet^  good  faridges,  eran  tf  1Im|!!  iOiidii 

fejihMrtf  tbqr  iraie  denidjr  ]g&o»iit  <tf  the  moih 

^rWiiffyiwiinniii  agiunst  good  engiiieerkig  prMtteft 

kefaig  eoiifidared  lif^);  and,  in  11108600114 

and  ooDfllntetiTe  abilitj  of  hii^^ray  Mdlgr 

io  lowofod  by  the  iofiiiz  of  aoidponi  at 

ooBOe'  of  the  craft  was  pretly  neaii^i 

mAjMtd  of  affairs  continued  to  esist  for  mMiir^ 

OJWiiional  vigoious  attacks  upon  it  and  mseni 

wiiterSi  among  others  the  authi»r«    Tbeai^ 

ittoae  good  in  a  few  cases,  but  their  general  effott* 

Immif  the  stiong  arm  (tf  the  law  th«t  eanpiife 

lemove  menaces  to  the  fives  of  the  peoiAs.    EBf^v 

llfMr^after  year  have  been  abnost  of  weekly  oceur- 

have  involved  the  loss  of  hmnan  life.    Some 

to  kipdate  against  tiie  building  of  unsafe 

|n  iQOst  eases  these  have  been  failures. 

Wagr  to  put  down  the  abuse  and  to  stamp  out  the 

lllldge  eonstmction  is  to  have  the  various  states 

.competent  bridge  engineers  to  prepare  plans 

hJi^way  bridges  and  to  supervise  their  manu- 

a;ad  to  make  it  a  crime  punishable  with  im- 

rslractures  in  any  but  the  manner  prescribed 

4tf  mamtaining  a  state  bridge  engineering  force 

])ecause  standard  plans  for  both  substructure 

^pIepared;  and  these  would  be  used  in  nine 

ig  of  the  State  Bridge  Engineer  and  his 

|n  the  hands  of  poUticians,  but  the  Governor 

only  from  a  list  of  applicants  endorsed  by 

Engineers;   and  that  society  should  give 

a  thorough  examination  of  each  applicant 
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^riAtts'*  MB  bflskiDJiiff  to  gftfl  foT' raiiiloiosd 

Midi  M  &r  M  is  ImaiWii  at  imieiit»  wJBmt 
ttigr  wis  last  praotkafly  fdrover.    Buk  tiie  aiM 
jiid  the  aaine  frindnality  in  faiiildiiigil»t  fotdiNMJ^^ 
ef  tbe  metal  hndgd  hutboBm  are  beooming  Hie 
eunatntetioii.    It  i^quirae  eogiiieeri&g  aliffl 
piaetieal  eaq)ef]6iice  to  t^an  bridgea  d  leiiifQiieft* 
fo  deeigii  Med  atnictureB,  and  the  foffnwr  need 
lioii  of  materuila  and  winrkmaoship  than  the  ]tiitfe|»5 
aie  aa  Icdbwa: 

FinL    The  buQding  of  leinf ofoed  eaacwla 
k  only  begiiinmg  to  be  ^yatematiaed. 

Second.    Concxete  bridges  are  an  emkieiitlsr 
for  aome  locationa,  but  for  otiiers  thqr  aie 
used  in  the  wrraig  places  tb^  are  Italde  to  in 

Tkird.    It  is  just  as  easy  to  sldn  the  life  oflt 
of  a  concrete  bridge  as  it  has  been  in  the  paat  to^Ml 
of  steel  bridges  below  the  danger  limit;  in  &et|  Hll 
the  deed  is  once  done,  all  proof  of  it  is  hiddeft 
disaster  has  overtaken  the  structure.  ^*f 

Fourth.    The  prevention  of  the  use  of  impra^pef^ 
Crete  throughout  the  entire  constructicm  is  e^  v^tf^i 
a  barrel  or  two  of  inert  cement  worked  into  a  eittie9||i 
in  the  destruction  of  the  bridge.    When  one  ipAlii 
bridge  collapses  the  others  are  more  than  likely  to 
structure  from  abutment  to  abutment  falling  dowai 
because  the  piers  are  generally  incapable  of  resurttas^ 
from  the  dead  load  of  a  single  span.    To  make 
would  involve  an  expenditure  of  money  that  la 
dead  load  thrust  of  any  span  should  be  resisted  hy^ 
ing  spans,  except  at  the  ends  of  the  bridgei  wl 
the  massive  abutments. 

Fifth,    The  safety  of  a  reinforced  concrete 
dent  upon  a  proper  proportion  of  ingredi^its  in 
ou^  mixing  of  them,  and  therefore  it  is  at  the 
subject  to  the  vigilance  and  care  of  the  foremen 
practicing  of  that  all  too  common  and  most 
cement  in  order  to  reduce  the  cost  of  co: 
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serious  consequences  in  a  reinforced  concrete  arch  bridge  than  in  the 
piers  for  a  steel  structure. 

If  county  commissioners  wiU  have  the  good  sense  to  consult  com- 
petent bridge  engineers  before .  deciding  to  build  reinforced  concrete 
bridges,  will  retain  them  to  make  the  plans  and  specifications  and  to 
supervise  the  construction,  and  will  pay  them  upon  a  sufficiently  liberal 
basis  to  permit  of  their  hiring  all  the  good  inspectors  that  the  work  needs, 
th^  will  succeed  in  effecting  a  great  improvement  in  highway  bridge 
building.  But,  alas!  this  is  too  much  to  expect  from  ordinary  county 
conmiissioners,  who  are  too  often  chosen  from  the  ignorant  classes  for 
political  and  other  improper  reasons;  hence  it  is  to  be  feared  that  the 
highwa3rmen,  the  scalpers,  and  the  imfit  designers  will  continue  to  get 
in  their  nefarious  work,  and  that  reinforced  concrete  structures  will  prove 
no  more  reliable  or  durable  than  the  notorious  "tin  bridges." 

Since  the  preceding  was  written  the  author  has  received  a  letter  from 
his  friend,  J.  C.  Ralston,  Esq.,  C.  E.,  formerly  City  Engineer  of  Spokane, 
Wash.,  from  which,  with  the  writer's  permission,  the  following  extract 
is  made.  It  confirms  very  effectively  the  preceding  anticipation  of  future 
disaster  to  reinforced  concrete  bridges  designed  by  incompetent  or  im- 
properly interested  parties.  Speaking  of  a  certain  highway  bridge  builder, 
Mr.  Ralston  says  as  follows: 

"He  is  the  man  who  designed  and  once  put  forward  seriously  an  arch  made  of  an 
intradoB  ring  of  concrete  about  four  (4)  inches  thick  and  an  extrados  ring  of  the  same 
thickness,  the  two  rings  being  separated  about  twelve  (12)  or  sixteen  (16)  inches,  and 
this  interior  filled  with  a  well-ranmied,  nice,  juicy  clay.  This,  of  course,  furnished 
an  ample  play-ground  for  the  neutral  axis  and  the  lines  of  pressure  to  play  hide-and- 
seek,  besides  offering  special  plastic  inducements  for  these  frisky  functions  to  stay  at 
home.  In  fact,  I  surmise  that  such  a  design,  in  the  opinion  of  the  designer,  circum- 
scribed their  sphere  of  action  within  the  middle  third  by  barriers  of  actual  concrete. 
Thus  we  reach  the  superlative — the  very  acme  of  perfect  design,  when  by  such  simple 
mechanical  means  we  confine  all  such  ill-bred  functions  to  an  argillaceous  field  of  innoc- 
uous desuetude.  Need  we  congratulate  ourselves  on  being  members  of  a  profession 
in  which  its  great  leaders  weave  in  such  epoch  making  fashion  the  dulcet  lines  of  theory 
and  jnractice  into  an  incomparable  fabric  of  royal  perfection?" 

But,  seriously  speaking  once  more,  the  reinforced  concrete  bridge, 
which  certainly  has  come  to  stay,  is  eventually  going  to  prove  the  cure 
for  the  ills  of  highway  bridge  building,  and  the  medicine  that  will  effect 
it  is  the  motor  truck.  That  type  of  traffic-vehicle  has  proved  itself  to 
be  economic,  and  it  has  rapidly  become  heavier,  until  now  its  loads  rival 
those  of  the  famous  road-roller — that  bugbear  of  highway  bridge  builders. 
Furthermore,  it  must  be  remembered  that  the  road-rollers  traverse  bridges 
so  slowly  that  theu*  impact  is  assumed  to  be  zero,  while  the  motor  trucks 
pass  over  at  speed,  necessitating  the  usual  highway  impact  allowance; 
hence  in  designing  the  floor  systems  it  will  nearly  always  be  found  that  the 
motor  truck  is  the  ruling  factor.  The  ordinary  county  bridge  of  steel 
trusses  with  wooden  floor  is  so  lacking  in  strength,  rigidity,  and  mass  as 
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CHAPTER  LXVII 


BRIDGE   FAILURES  AND   THEIR  LESSONS 

The  scope  of  this  chapter  does  not  permit  of  an  enumeration  of  all 
the  railway  bridge  failures  that  have  occurred  since  structural  designing 
was  placed  on  a  rational  basis  by  Squire  Whipple;  nor  has  the  author 
available  the  necessary  statistics  for  making  such  a  compilation.  How- 
ever, it  is  desirable  that  the  reader  should  have  an  appreciation  of  the 
influence  that  past  failures  have  exerted  in  advancing  the  standard  of 
bridge  designing  and  construction  and  in  hastening  the  adoption  of  the 
bridge  specialist's  recommendations.  To  the  newer  generation  of  engi- 
neers, it  might  seem  that  the  present  excellence  of  bridge  design  and  con- 
struction has  been  attained  without  much  effort.  Such,  however,  is  not 
the  case;  for  the  present  standard  has  been  reached  by  a  costly  weeding- 
out  process — the  defects  being  brought  to  light  by  failures  of  structures 
or  of  parts  thereof.  It  has  cost  a  great  many  lives  and  dollars  to  attain 
the  present  standard  of  excellence.  The  mental  inertia  of  those  in  au- 
thority which  had  to  be  overcome  was  enormous.  Improvement  has  been 
brought  about  through  the  persistent  efforts  of  the  consulting  bridge 
engineer  by  raising  the  requirements  in  his  specifications  so  as  to  keep 
pace  with  the  acquisition  of  new  facts,  and  through  his  insistence  that 
the  said  specifications  be  adhered  to. 

There  is  always  something  to  be  learned  from  a  failure;  but  too  often 
faUures  are  smoothed  over  and  minimized  and  given  insufficient  public- 
ity, so  that  their  lessons  are  not  duly  observed  nor  appreciated.  That 
there  have  been  numerous  failures  in  times  past  one  can  readily  see  by 
glancing  through  the  back  numbers  of  the  engineering  periodicals.  For 
instance,  the  Engineering  News,  Vol.  23,  page  373,  gives  the  following 
table  of  railway  bridge  failures  covering  the  period  of  years  from  1879 
to  1889,  inclusive. 

TABLE  67a 
Bridoe  Failures  from  1879  to  1889 


1879 

1880 

1881 

1882 

1883 

1884 

Bridire  failures,  iron 

3 

16 

81.8 
5,110 

1 

10 

86.6 
8,660 

4 
38 

98.3 
2,450 

6 
34 

103 . 1 
3,030 

2 
27 

114.7 
4,250 

Totfid 

33 

Miles  of  track,  Jan.  1,  each  year, 
1=»  1.000 

121.5 

Miles  Der  bridare  failure 

3,675 
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,1  nib  teUe  flhowB  a  total  of  2S6  faOuiw  iii  fteffa 
of  twoiriy-ttx  per  annum.    ¥arty'4bne  6t ^b^ 
Ixid^^  an  average  of  nearly  four  per  annimi,    'Bfif. 
aod  persons  injured  in  the  deven-jifear  period  ii 
jrear  1888.  there  were  reported  ninetew  deeliiB  fgf^ 
iiqured  in  twenty-two  wrecks  of  bridges.    In  188^ 
peciodi  there  were  some  24,450  iron  spana  and 
seryice;  and  ct  these,  five  iron  spans  and  aeirwt0|i| 
Four  of  these  iron  spans  which  succumbed  weie 
care  and  one  by  a  defective  pier.    Of  the 
structures  were  burned^  three  were  wrecked  by 
down  hy  derailed  care,  and  three  succumbed  from  i 
In  many  cases  impact  due  to  derailment  of  caif 
Lack  of  precaution  at  the  ends  of  the  structures  in  idii 
re-railing  frogs,  and  collision  posts  was  a  contribiittQ§. 
these  accidents.    Hence  it  is  reasonable  to  ccMiduilA^.^^ 
mig^t  have  been  prevented  and  the  effects  of  otherei 
remark  applies  to  the  eases  of  the  burned  wooden 
out  by  freshets.   In  1895  there  were  thirtynaeven  faihuis 
causing  a  loss  of  fiftynseven  lives,  besides  injuring  df^tif; 
teen  of  these  structures  were  knocked  down,  five  wevt^f^ 
were  destroyed  by  fire,  and  five  were  carried  out  fagr 
these  thirtynseven  failures  were  of  iron  or  steel  bridSM^^ 
knocked  down  and  one  wrecked  by  a  freshet.    Six 
failed  that  year,  resulting  in  fortynsK  persons  VSk^ 
Further  details  concerning  these  failures  wiU  be  ioi|iix| 
News,  Vol.  37,  page  93.    It  will  be  observed  that  tlift 
an  increase  in  failures  over  that  of  1889,  which,  p«!4ia|li| 
as  the  nimiber  of  bridges  had  increased  considerably,    'QH 
improvements  had  been  made  in  design  and 
vices  had  been  developed,  so  that  if  the  railroad 
themselves  of  these  things  to  a  larger  extent,  this 
have  been  reduced.    However,  as  fourteen  spans 
ment,  six  were  burned,  five  failed  because  of  in 
part,  and  five  were  washed  out  by  freshets,  it 
earlier  failures  had  not  been  heeded.    Moreover, 
given  by  the  technical  press  to  these  accidents  a|' 
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wete  Snored;  but  ooe  huaibed  aad  lliiw. 
ll|lil0Qrtei^  qI  great  im^ortaiioe,  beeamae  that  ipi^ 
ol  kBsofis  wlik^  flhmiU  bam  bem  fe^^ 
bgr  the  puUk,  not  for  Hb  ovm  bhBMkn» 
of  nubroad  authoritias  vfho  were  o&Mag  ti^ 
that  puUic    Yet  each  k  the  mertia  of  ihe 
are  ii8iia%  epunied  l^  the  majoi^  wi^^ 
l#idbee  a  rqwtitioii  of  hnpubee  to  produoe  aetioB* 
ihp*  at  band  the  statiatios  for  Uter  yeari  and,  them* 
lifaierthiBr  the  number  of  faihuee  is  incroaaing  out 
lliiBEiber  of  bridges  in  service.    However,  as  a  newer 
fa^eoming  into  re^wnsible  charge  of  work,  he  feels 
of  the  more  serious  failures  of  past  years  iritt 
Tllose  fsiluies  occurring  before  the  estabfisbmeot 
gn  bgr  Squire  Whijqde  will  not  be  considered. 
faSnres  was  that  of  tibe  railroad  bridge  over  the  Gas- 
This  was  of  such  serious  import  that  the 
JBaiboad  ai^inted  a  committee  to  investigate 
t  mi  report  thereon.    This  report,  which  was 
No>vember  19, 1865,  gives  as  reascms  for  the  faat 
#84  ioo  great  speed  of  train.    Tbe  design  was  aft 
piate  sections  for  the  stresses  to  be  resisted, 
disaster  was  that  at  Janesville,  Ohio,  in  1868^ 
.^iba  accident  was  dated  at  Detroit,  Mich.,  Deoem^* 
ihe  cause  of  the  failure  as  the  '^weakneaa  of 
''< — another  case  of  faulty  design  in  detail- 
jBtMIgs .  failed  in  December,  1876,  causing  ninety- 
injuries.      Failure  occurred  in  the  top  chord  of 
under  the  driving  wheels  of  the  locomotive 
mS2  feet,  from  the  iU>utment.    This  structure 
JPppaNbruss  bridge,  with  cast-iron  top  chords,  and 
^pJHl'^  time  of  the  ac^dent.    In  addition  to  the 
tiie  railroad  company  fully  $600,000.    This 
of  cast  iron  for  principal  parts  in  future 

aver  the  Missouri  Biver  at  St.  Charles,  Mo., 
car  or  truck,  producing  through  impact 
pt  certain  members,  some  of  which  were  of  cast 
occurred  in  1887  on  the  Dedham  branch 
Railroad,  five  miles  from  its  terminus  in 
hftngerB  supporting  a  floor-beam  next  to 
^oor  i^stem  settle  so  that  the  cars  follow* 
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'MSm^  iM^  to  itfQr  defect  m  Urn  «mM  ^ 
nrtfiiiftt  liiBtilii  and  te  witiiiii  tbiiee  feet  of 

Hm^  uiS  nVBf  MMMiw  A  aDalii  wiII1l>  -HwwyiitMr  ggi 

%aidteaBlk^  tba  alKitaMit  and  eMufaig^tt  to 
imrwmaA  beeame  iofBeieBt  to  attoiirilb 
AWKWlyi  the  ireig^  (rf  tiie  Isidgii^/iMi 
wo  fart  panel.    Ttoe  toira  loose  and  ^rarb 
loitttr  chaid  weie  badly  bent.    Sousdii 
nanootliflat  bed-ioek  cie^  leei  bekm  liraifiair^ 
iSba  tail,    lliafc  thk  opportunilj  for  seooiiDg  a^iiil^ 
ioitikid  indieatoi  groae  cafritoanow. 

Another  instance  of  substnietuie  lutoie  is 
piers  o{  the  little  Bock  Junctum  Bridge  of  tti^ 
BaUroad  €!ompany  at  little  Bode,  Aik.    IliBli 
about  1884}  but  so  poorly  that  trouble  was 
the  very  start;  and  efforts  have  been  made 
to  correct  the  defects  resulting  frcmi  the 
largely  with  sand  instead  of  the  stone  (»dled  for  ii 
cations.    This  sand  leaked  out.  and  the  sxnldlc^ 
was  used  settled  through  the  crib,  leaving  tiba 
the  load  unaided.    These  timbers  were  not 
burden,  and  hence  were  crushed.    This 
fact  that  the  location  of  the  piers  was  badly  done^ 
from  two  to  three  feet  off  centres  when  finally 
necessitated  the  building  of  the  shafts  of  tibe  plint 
to  conform  with  the  span-lengths,  thereby 
the  cribs  and  caissons.    Unequal  settlement  and 
the  shoes  of  some  of  the  spans  overhiuig  the 
pending  disaster  was  narrowly  averted  from  time  t^i 
and  placing  I-beam  grillage  under  the  shoes.    >^pt 
pairs  were  undertaken,  and  annular  caissons 
defective  piers  were  sunk  to  bed-rock.    The 
the  old  and  the  new  caissons  was  partially 
concrete.    This  was  an  effective  expedient  for 
in  position,  but  the  movement  of  Fier  4  was  Ugl^ 
pier  had  moved  so  far  that  one  of  the  spans 
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la^^  ite  tM  Bdtttoii         Aibaigr 
W0WMM  mcailfii  yml^^^  Mil  «Bir 

iiil^'ia»  din  io^  The 

liieiiv«te  hiMl^         tei  oat  of  the  top  ^kmN!  ii  :%^ 
§1Mgi&  of  fldbi^  The  additioiid  fb 

foMbttii  haviog  Ififl;  tibe  work  a  half  hoar  eaiftil. 
ieteateeii  peraons  were  kiUed  and  dwr 
iMoiB  acddenf  oocuned  during  the  same  y^dst 
Bridg8  aeroes  tibe  Ohio  River  at  LoQUh 
heing^  tiien  in  prooen  of  ereetidii.  One  ot  tiiie 
and  ito  fabework  removed,  but  Uie  lowiir 
pibed  iiDL  the  two  paneb  at  the  siHith  end;  wfefle 
Wii  partially  aaseinbled  on  fabeworlc  On  Dih 
wind  eanght  the  travelieri  while  the  gay  ropea 
to  moving  it,  and  tilted  it  so  that  its  load 
wai  thrown  cm  one  oomer  for  support*  This  was 
^aat  of  the  falsework,  which  had  previously  been 
tto  jMSOuring  of  the  river  bed.  The  failure  of  this 
^aiised  the  rest  ci  it  and  the  partially  erected 
86^&rC  preeticaUy  the  entire  span  was  lost.  Later 
qpian  above  mentioned  failed  and  dropped  into 
wind  storm.  This  span  was  550  feet  long  and 
pounds,  which  precludes  the  possibility  of  its 
biMm  off  the  piers,  because  the  surfaces  exposed 
''^Bii09b  of  the  chords,  web  members,  floor  S3rstem, 
probable  cause  of  this  failure  was  reported  by 
bolting  up  of  the  splices  in  the  inclined 
inability  of  the  latter  to  resist  the  bending 
'iMnd  load;  but  the  author  is  of  the  opinion 
Irthe  omission  of  the  lateral  diagonals  of  the 
^  q>an.  Without  these  there  was  no  way 
lower  lateral  ssrstem  to  the  pier,  because, 
and  the  hip  verticals  being  of  eyebars 
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I   ;  J^  IcptaADe  qI  a  fttfeue  of  a  bddgi^  4w  16  liio 
tlit  of  the  Neir  YcMfk  and  Ottam  RMlnpdt 
Afttetioaii  dbaimel  of  the  St^  Lawiuee  Biver 
PlfleeQ  men  were  Idlled  in  the  eoddnt)  aad 
jloriedL    The  eieetkm  (tf  the  two  a^jaoent  qwia 
beeD  comideted.    The  falsewori^  under  one  had  jMil 

The  river  at  the  site  of  the  pier  la  abcmt 
i^irift  current  estimated  to  run  from  five  to  ei|^ 
river  bottom  is  a  day  hard-pan  in  whi(di  hoidcfaif  iie 
them  being  ^  laige  sise.    No  borings  wep»  iniMtp 
mine  the  thickness  ci  the  hard-nan  and  what  mitaAiit 
pier  was  founded  by  sinking  a  timber  crib  and^lf^ 
dqxMEdted  under  water  by  buckets  dumping  at  i|i|i 
concrete  was  placed,  diviraiB  w^t  down  inside  of  1^ 
samples  of  the  bottom,  which  were  deemed  mJli»im0K^: 
The  first  concrete  laid  was  put  in  sacks  and  dq^d^pl^ 
of  the  crib,  after  which  the  remainder  y^tm  p^md  Igfi 
carried  up  to  a  plane  four  feet  below  water  fcmrit 
pumped  dry,  and  two  couiees  of  mason^  weie  set, ,  JiK 
pier  went  through  the  winter  season  and  succep^o^^ 
ice  pressures;  and  in  the  spring  it  was  strudc  by. a 
was  broken  by  the  collision,  but  the  pier  showed  mor. 
Shortly  afterward  the  remainder  of  the  shaft  waa: 

T 

erection  of  superstructure  was  begun.    The  jner  was 
with  the  ciurent  and  had  no  riprap  about  it  to 
obliquity  and  some  restriction  of  clumnel  by  the  £ 
piers  produced  an  increase  in  velocity  sufficient  tci 
the  pier  on  one  side,  so  that  it  toppled  over  withoiil 
two  adjacent  spans  fall  into  the  river.    After  tbe 
made  to  determine  the  nature  of  the  foundation, 
that  the  hard-pan  was  only  from  eighteen  inches 
below  that,  for  a  depth  varying  from  twelve  to 
or  clay.    This,  of  course,  should  have  been 
for  the  substructure  were  prepared.    The  fact  thf|: 
renders  those  in  responsible  charge  guilty  of 
makes  them  accessories  to  the  deaths  of  the 
plans  were  made  imder  the  direction  of  the 
York  and  Ottawa  Railway  Company,  were 
Engineer  of  that  company,  and  were  further 


^^"^Pf*: 


'/!;n 


1-* 


BRIDGE  FAILURES  AND   THEIR  LESSONS  1545 

Government  engineers  without  the  basic  information  relative  to  fomida- 
tion  material — ^passes  miderstanding.  The  general  fact  that  glacial  drift 
is  extant  in  all  that  part  of  the  continent  should  have  aroused  the  sus- 
picions of  the  designer  and  led  him  to  insist  on  borings  being  made  in 
order  to  obtain  correct  data. 

The  Erie  Railroad  Bridge  at  Buchanan  Junction,  a  few  miles  from 
Meadville,  Pa.,  was  wrecked  in  October,  1902.  The  structure  consisted 
of  one  central  truss  span  and  two  half-through,  plate-girder  spans.  At 
the  time  of  the  failure  a  freight  train  had  partly  crossed  the  bridge.  The 
evidence  indicated  that  one  of  the  posts  of  the  north  truss  had  been  hit 
by  a  plate-girder  floor-beam  in  transit,  projecting  from  a  flat  car  upon 
which  the  load  had  shifted.  This  floor-beam  jammed  against  the  car 
behind  with  sufficient  force  to  break  the  train  in  two.  The  shock  of  the 
blow  and  the  momentum  of  the  train  behind  were  sufficient  to  buckle  the 
post,  causing  that  side  of  the  bridge  to  drop  and  to  pull  the  other  side 
down  with  it.    This  accident  was  not  due  to  any  defect  of  the  structure. 

A  suspension  bridge  at  Charleston,  W.  Va.,  gave  way  under  a  load 
consisting  of  a  layer  of  snow  and  ice  four  inches  thick,  twelve  teams,  and 
about  fifty  pedestrians.  Two  of  these  were  killed  outright  and  others 
were  more  or  less  seriously  injured.  The  primary  cause  of  this  failure 
was  an  impairment  due  to  the  fact  that  a  high  water  previously  rose  over 
the  floor  at  one  end,  which  was  at  a  lower  elevation  than  the  other.  The 
pressure  of  the  current  caused  the  bridge  to  tilt  at  a  considerable  angle, 
which  condition  produced  an  excessive  loading  on  the  upnstream  cable, 
snapping  some  of  its  wires  and  weakening  it  so  that  later  it  failed.  After 
the  water  receded,  the  floor  returned  to  its  normal  position  with  many 
of  the  wires  broken,  but  it  was  still  used  by  the  traveling  public  until 
the  time  of  the  accident.  Above  ground  the  cables  were  found  by  sub- 
sequent investigation  to  be  in  a  much  better  condition,  because  of  paint- 
ing, than  under  the  stonework  where  they  were  subjected  to  frequent 
wettings  and  had  become  badly  rusted.  Many  of  the  wires  in  the  in- 
terior of  the  cables  were  eaten  entirely  through.  Six  years  before  the 
failiure,  the  bridge  was  known  to  be  in  a  dangerous  condition;  and  several 
times  it  was  closed  to  traffic,  but  after  temporary  repairs  was  reopened. 
The  cables  that  failed  were  enclosed  in  anchor  masonry,  and  hence  could 
not  be  inspected.  The  lesson  to  be  gained  from  this  case  is  that  the 
important  parts  of  a  bridge  should  be  built  so  that  they  may  readily  be 
inspected  at  all  times,  and  that  a  bridge  known  to  be  in  a  dangerous  con- 
dition should  be  replaced  by  a  new  structure  without  delay. 

The  most  stupendous  failure  on  record  is  that  of  the  Quebec  Bridge 
across  the  St.  Lawrence  River,  the  accident  occurring  during  erection  on 
August  29,  1907.  The  collapse  came  suddenly  and  without  appreciable 
warning  to  the  eighty-five  men  on  the  structure.  Only  eleven  of  these 
were  rescued,  and  all  of  them  were  more  or  less  seriously  injured.  This 
i>ridge  was  the  longest  of  its  kind  that  had  ever  been  attempted  in  any 
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land,  and  it  was  supposed  to  represent  the  best  product  of  the  bridge 
builder's  art  at  that  time.  The  fall  was  due  to  the  buckling  of  the  lower 
chords  of  one  of  the  anchor  arms.  The  chord  sections  consisted  of  four 
thick  compoimd  webs,  with  comparatively  very  small  flange  angles  held 
together  by  lacing  angles.  Each  web  was  made  up  of  four  plates  aggre- 
gating a  thickness  of  3H"  ^^^  angles  for  flanges  at  the  sides  for  lattice 
connection.  The  dimensions  of  the  chord  section  were  4'  6^"  X  5' 
7}4"'  The  lattice  angles  were  4"  X  3"  X  %''  and  the  cross  struts  3^"  X 
3"  X  5^"  angles.  The  insuflSciency  of  this  lacing  and  the  lack  of  stififen- 
ing  in  the  flanges  of  the  separate  ribs,  or  webs,  were  the  defects  that 
permitted  the  chord  sections  to  buckle.  This,  of  course,  was  faulty  de- 
signing; but  later  the  designers  claimed  that  there  were  no  precedents 
for  proportioning  compression  members  of  that  magnitude.  However,  it 
was  even  then  generally  recognized  that  m  designmg  aU  struts  the  princi- 
pal radii  of  gyration  should  be  made  as  great  as  possible,  and  that  there 
should  be,  in  general,  some  equality  of  division  of  the  metal  between 
webs  and  flanges.  No  reliable  theory  had  then  established  for  propor- 
tioning lacing,  nor  were  there  any  recorded  results  of  tests  made  on  such 
details  for  large  members.  Another  contributing  cause  was  the  existence 
of  a  dead  load  thirty  (30)  per  cent  larger  than  the  bridge  company's  de- 
signing engineer  had  assumed  when  making  the  stress  calculations. 

The  Canadian  Government  appointed  a  conmiission  of  able  engineers 
to  investigate  and  report  on  tne  causes  of  this  failure.  An  abstract  of 
their  report  will  be  found  in  the  Engineering  NewSy  Vol.  LIX,  pages  307 
and  317. 

The  lessons  to  be  drawn  from  this  awful  disaster  are  as  follows: 

First.  A  consulting  engineer  should  never  trust  the  detailing  of  a 
bridge  to  the  manufacturing  company,  but  should  prepare  complete  plans 
therefor  in  his  own  office. 

Second,  It  pays  to  spread  the  metal  in  compression  members  as  much 
as  is  consistent  with  other  features  of  good  designing. 

Third,  There  is  no  excuse  for  the  actual  dead  load  in  any  bridge 
exceeding  that  assumed  by  more  than  a  mere  trifle. 

Fourth.  One  should  heed  warnings  even  when  they  come  from  un- 
educated workmen. 

Fifth.  Plenty  of  time  should  always  be  allowed  for  making  the  pre- 
liminary studies  for  a  design  and  the  working  plans. 

Sixth.  It  is  exceedingly  bad  practice  to  skin  the  life  out  of  a  bridge 
in  order  to  save  metal. 

Seventh.  In  every  important  bridge  project  the  completed  plans  should 
be  checked  in  detail  throughout  by  some  capable  bridge  engineer  who  is 
entirely  disconnected  from  either  the  consulting  engineer  or  the  contractor. 

This  terrible  accident  to  the  first  Quebec  bridge  was  a  most  severe 
blow  to  the  entire  bridge  engineering  profession  in  America;  for  it  wiU 
be  many  decades  before  the  European  engineers  cease  taunting  thdr 
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oi  this  chapter  aze  mainly  taken  from  that  woiiL 
h  ref ened  for  a  more  thorou^  and  elaborate 

Specifications  prescribe  the  Umits  of  the 
the  qualities  of  materials  and  workmanship  ti^iieh 
define  the  relations  whidh  shall  exist  between  the 
of  which  th^y  form  a  part,  and  the  degree  of 
to  each.    If  complete  plans  have  been  prepared 
which  affect  the  construction  are  known  and  folly 
the  specifications  should  constitute  a  full  and 
the  construction,  the  materials  and  workmanship 
between  the  parties,  the  responsibility  for 
bility  of  the  completed  structure,  the  terms  of 
matters  which  affect  the  work. 

Specifications  are  drawn  in  the  interest  of  the  pay«^ 
contain  ample  safeguards  to  insure  the  constructton  nf 
cord  with  their  letter  and  spirit;  but  they  should  he 
or  they  will  fail  in  their  full  purpose.    Unless  a 
engineer  and  his  principals  to  be  fair  beyond  diaiMrte^>|^ 
he  must  add  materially  to  what  would  be  a  normal  ifsiliAM 
in  order  to  insure  himself  against  serious  loss  whenevw^; 
tions  govern.    Even  a  close  personal  acquaintance  aiii : 
ence  with  the  payer  and  his  representatives  are  insuflldpi^: 
an  unfair  specification  will  not  be  enforced,  because  41 
pals  or  agents  may,  often  does,  take  place  during 
contract;  and  a  wise  contractor  will  not  run  the  risk  cf 
of  the  specifications  without  corresponding  com; 
every  unfair  advantage  is  paid  for  in  the  price 
though  it  is  of  little  or  no  value  to  the  payet^ 
specifications  almost  invariably  operate  to  the 
whose  interest  they  were  drawn,  by  producing  a 
spirit  on  the  part  of  the  contractor,  leading  him 
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opportunity  to  demand  extra  compensation  and  extra  time  allowance 
for  small  considerations  which  are  ordinarily  overlooked  where  cordial 
relations  exist.  The  payer  may  retain  full  control  over  the  work  and 
safeguard  himself  against  bad  materials  and  workmanship,  against  un- 
reasonable delays,  and  against  a  contractor's  dishonesty  without  the 
slightest  injustice  to  the  honest  contractor,  and  if  such  action  cause  dis- 
honest contractors  to  refrain  from  bidding,  it  is  all  the  more  advantageous. 

The  importance  of  the  specifications,  especially  of  their  broad  general 
clauses,  is  too  rarely  understood.  If  the  engineer  who  draws  them  could 
exchange  places  for  a  time  with  the  contractor,  he  would  soon  learn  that 
over-stringent  clauses  operate  to  his  detriment  and,  what  is  even  more 
important,  how  it  is  possible  to  take  advantage  of  his  failure  to  specify 
definitely  what  he  requires.  As  a  rule,  it  is  the  broad  general  clauses 
that  are  most  important,  for  they  affect  the  entire  work,  while  the  clauses 
pertaining  to  details  govern  a  small  portion  only.  Ambiguous  clauses 
are  the  most  detrimental  of  all.  They  instire  high  tenders;  for,  in  jus- 
tice to  himself,  the  contractor  must  assume  that  the  interpretation  most 
contrary  to  his  interests  will  obtain.  They  provide  the  foundation  for 
quarrels,  law-suits,  and  vexatious  and  expensive  delays. 

Good  specifications  are  the  result  of  long  and  sound  experience  in  con- 
struction and  in  the  preparation  of  plans  and  specifications.  If  a  part  of 
the  experience  is  obtained  in  the  employ  of  contractors,  the  results  are 
more  likely  to  be  satisfactory.  The  engineer's  knowledge  of  what  con- 
stitutes good  construction  and  how  to  obtain  it  is  the  accumulation  of 
years.  The  foundation  for  his  knowledge — and  the  foundation  only — ^may 
be  laid  during  his  course  of  study  in  a  technical  school.  The  weaknesses 
and  effectiveness  of  the  various  clauses  may  be  learned  only  by  repeated 
use,  and  it  is  work  well  spent  to  review  the  specifications  and  contract 
after  the  completion  of  the  work  they  governed,  and  note  the  desirable 
improvements  and  the  fitness  of  individual  clauses  for  future  use.  Thus 
the  results  of  the  experience  on  one  contract  may  be  made  available  for 
the  next,  but  indiscriminate  copying  from  the  specifications  of  others,  or 
even  from  one's  own,  is  certain  to  produce  bad  results.  Some  years  ago 
one  of  the  engineering  journals  called  attention  to  an  absurd  typographical 
error  in  a  set  of  specifications  which  had  been  in  print  for  several  years, 
Mid  pointed  out  the  same  error  in  the  specifications  of  several  prominent 
engineers,  showing  conclusively  that  some  careless  copying  had  been  done. 

It  is  impossible  for  our  technical  schools  to  teach  men  to  prepare  per- 
fect specifications,  but  they  can  provide  a  good  foundation  by  imparting 
a  sound  knowledge  of  the  fundamental  principles  and  such  a  thorough 
training  in  the  use  of  the  English  language  that  the  student  will  be  able 
to  express  clearly  what  is  in  his  own  mind.  Professional  work,  a  further 
study  of  the  law  of  contracts,  and  careful  attention  to  the  specifications 
prepared  by  competent  engineers  must  supply  the  additional  necessary 
training. 
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To  build  a  structure,  no  matter  how  flimplei 
if  it  is  to  be  constructed  intelligently  and 
importance  of  the  structure  increase,  the*plaa  gpoiui 
plex,  and  hence  the  greater  necessity  for  putting^iit  Ir; 
definite  form  which  shall  convey  the  exact  idea 
the  engineer.    To  secure  the  proper  execution-  of  m 
tude,  specifications  are  absolutely  necessary,  and 
with  great  care  and  exactness.    For  convenienee 
clearness,  they  are  usually  divided  into  clauses,  irtdidi 
general  and  specific.    General  clauses  refer  to  the 
shall  exist  between  the  parties  to  the  contract.    ISk^ 
general  description  of  the  work  as  a  whole  without 
^ice  to  details.    Times  and  methods  of  making 
specifications!  inspection,  and  other  analogous 
subject  matter.    They  should  be  comprehensive  in 
not  contradict  one  another.    It  is  well  to  avoid  i 
any  particular  thing.    Contradictory  clauses  are  ettrt. 
block  that  will  create  friction  and  delay.    At  first 
that  such  clauses  are  easily  eliminated,  but  care  i# 
plish  this.    For  instance,  a  certain  result  may  be 
ture  of  a  bridge  that  will  not  fit  in  with  the  kind  of 

Specific  clauses  have  to  do  with  the  details  id 
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riboaliS  leavB  the  metiiod^  as  far  as  can  be  done  eov 
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at  alL .  In  such  cases  it  is  usual  to  require  bid- 

tibeir  tenders  plans  more  or  less  detailed  of  what 

bi  this  way  the  engineer  may  make  a  choice  from 

and  thus  obtain  what  he  considers  the  best  of 

one  of  this  kind  will  have,  of  coimie,  very 

idl  to  do  with  the  details  involved,  but  will  be  con- 

^inth  tiie  final  desired  outcome.    In  other  words, 

eonsist  very  largely  of  general  clauses,  those  of 

either  entirely  elimmated  or  reduced  to  a  mini- 

'^iMthig  contracts  without  any  accompanying  plans 

A  good  engineer  does  not  want  other 

use  or  what  to  do.    If  he  is  thorough  and  well 

he  is  not  going  to  let  his  own  ideas  be  super- 

who  furnishes  plans  with  his  bid.    In  such 

only  an  inqiector,  who  simply  passes  upon 

or  not  it  fulfils  requirements,  when 
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ItiFiiBarify,  th^  diould  give  a  dear  and  ^xaieiae 
ftiaty  wiien  oonadered  as  a  iribole,  and  then  in  d$tai^: 
ift  this  descripticm.    It  will  not  answer  f or  ii^ 
tibe  cofntraetor  will  do  things  as  a  matter  of 
a  iPMficaticm  that  will  inswre  their  being  dona 
thoofl^tful  and  careful,  will  pay  dose  afeteidaoii 
in  the  flpecifioations,  and  he  should  make  his  hid 
tiis  requirements  oiumerated  in  thenii  no  mork 
wise,  he  will  not  bid  with  the  expectation  of 
conform  to  his  convenience  os  his  notions  of  yAmkM 
is  supposed  to  have  stated  in  his  specificatioip  |iBMir 
no  prudent  contractor  will  tender  with  the 
ideas  will  prevdl.    If,  thai,  upon  the  engineer  4mfimf 
ci  determining  the  work  to  be  done,  it  will  readSgrbe 
him  to  cover  the  entire  ground  in  his 
special  attrition  to  the  points  he  intends  to  requk!!^ 
alteration  and  should  leave  no  possibility  for  doMki 
contractor  as  to  what  will  be  expected  conceming 
careful  to  set  forth  clearly  the  units  of  measure  to  be 
b  to  be  considered  a  part  of  the  finished  work,  as 
b  merdy  accessory.    If  extra  work  b  to  be 
which  it  b  impossible  to  determine  in  advance,  the 
be  exercised  in  defining  clearly  just  what  shall 
and  in  fixing  the  compensation  for  it.    Failure  to  dfr^ 
source  of  trouble  and  annoyance  that  mig^t  be  avoidift. 

Specifications  should  be  designed  to  secure  tiie 
with  what  b  considered  good  practice.    It  b 
ments  of  such  a  nature  that  to  fulfil  them  would 
lay  of  money  not  at  all  proportionate  to  the 
spedfication  make  a  bidder  uneasy  and  cause 
sufficient  amoimt  in  addition  to  hb  profit  to 
A  bidder  should  make  his  tender  expecting  to 
tions  of  the  specifications  and  that  his  fellow 
and  a  clause  that  involves  an  unduly  strict 
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yiriSaetioii  k  not  to  be  expected,  hot  ibe  ma^. 

imetioe  will  aAxrd  aboukl  gofwn  tte%^ 

mart  loee  prartige  if  he  specify  tfaioiSlN^^ 

liGHMned.    Ill  the  wMKfe^»r  of  matetiab  to  bd  iiBidL 

%  the  loeelify  and  by  what  the  market  hat  td  eltafo 

what  he  would  like;  thetefore,  he  mmiiriiii 

lUj^kMSBDmL    nieae  zionarke  do  not  in^  that  tiBi 

any  makediift  that  is  <^eredb    BEe  eail 

:iii&  fkyt  receive  anything  hdltitr  than  he  demtfidiB^ 

eaeoeed  in  getting  everything  ae  good  as  he  ipeel'' 

leeior  in  detennining  what  shall  be  oonsideced  good 

Hdt  be  con^i^  to  put  up  with  shoddy  stuff  "ffhe^ 

As  in  all  business  rdations.  moderation  with 


■'Sr^r 


4)0idd  be  writtra  in  dmple,  {dain  language  witfa*^ 
All  verbs  should  be  complete^  and  no  words 
^  aasumpticA  that  th^y  are  understood.    Of  course, 
4  imitract  or  a  specification  in  accordance  with  what 
^  jprity  but  an  engineer  should  not  xely  iq;xin  tibis 
If  the  specifications  are  properly  prepared, 
IMMsioii  toi  i^pealing  to  the  courts  to  decide  ^diaiia 
tetapded.    WMe  such  documents  should  be  eoinpreii> 
iiet  be  verbose;  and  above  all  things  they  must  not 
>«nteQees  and  simple  words  are  preferred.    Punc- 
while  usuaUy  and  erroneously  consid^ied  of  minor 
k  practice,  certainly  play  an  important  part 
of  literature.    The  meaning  of  a  sentence  can 
ifPBii  entirdy  changed  by  the  misplacing  of  a  comma, 
the  same  wcnrds  or  jdirases  over  and  over  again  in 
i«W find  thqr  best  con vqr  the  idea  you  have  in  mind, 
scmie  lack  of  euphony,  but  that  can  very 
ilKlSt  in  writings  of  such  a  prosaic  nature. 
lX|e  contractor  be  emplo]^  upon  a  piece  of  work, 
to  define  clearly  the  duties  of  each.    Just 
(aid  the  other  is  to  b^^  should  be  set  forth  so  as 
of  doubt.    When  practicable  in  such  cases,  separ- 
for  the  different  parts  of  the  work  should 
be  taken  that  the  same  thing  is  not  required 
ij^bat  (me  contractor  is  to  leave  his  part  of  the 
involve  no  hardship  or  inconvenience  for  the 
in  illustration  of  cases  of  this  kind,  in  bridge- 
one  contractor  will  do  the  substructure 
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bat  iMidlsr  It  Ib  teifc  ^m/kif 
ilMrtli'iillli  the  bwt  pralwt  to  tolmdi 
j|Ml§  v#  ieiiuiraiiie&^    ah  esoepMn  ^w^  vie 
l|pii         tMifait  for  mfitabPQilv  te)oii«%' whii  Hi^ 
imMt^^tim  contiMtor  b  Uable  ta  |^  enAetf 
IHiBrior  fataadB,  and  the  ranilt  is  veiy  Ubely  to  fa* 
^0lSb4i^MAm$Xfy  satiebotoy.    Uneor^qpidottl 
libe  theeiigiiieer  a  boniie  in  eaae  he  use  their 
it  Joitouto  who  has  an  eztranve  praetiee 
aft  dharges  of  peccability.    Where  one 
aaboiher'B  need,  there  is  a  great  temptatioti  on  thA 
penon  to  question  the  fairness  <rf  tiie 
guilty  of  crookedness  is  badly  handicapped,  atttf 
wishes  to  entrust  the  expenditure  of  his  c^iilai  to 
hitely  above  suspicion.  >i^^ 

To  insure  that  all  the  conditions  have  beeti 
that  the  engineer  must  familiarise  hiipself  with 
in  hand.    If  he  does  not  understand  it  hims^,  it 
not  succeed  in  getting  a  clear  idea  of  what  he 
another.    Even  when  the  scheme  is  perfected  is 
is  difficult  sometimes  to  make  it  plain  to  the  con 

It  will  not  do  to  jump  at  hasty  condusieiiii 
finds  that  an  idea,  which  at  first  seemed  to  be  Jttil^ 
proves  utterly  untenable  when   considered   in 
ideas  that  must  be  incorporated  in  order  to 
struction.    No  idea  for  a  specification  has  any 
fitted  into  the  proposed  structure,  and  is  found  to 
other  requirements. 

It  is  usual  and  proper  in  specifications  to  i 
engineer  the  privilege  of  changing  them  or  the^ 
gresses,  but  it  is  desirable  for  all  concerned  ti^iife' 
changes  be  reduced  to  a  minimum.    A  perfect  sell 
render  such  a  clause  useless;  but  since  we  have 
fection,  we  must  have  some  means  of  recourse. 


^V>4S 


Zw^f-Ki 


inser^l 


k 


FT':.*. 


'*■'.- 


'^'?^.-,'    j3*-i' 


J I  ^   •:  >^. 


V*^'-^ 


a^-:>5^j 


i.j_-* 


fc>' 


fSaiiLcjfc^. 


•f^^5%^" 


:^4^ 


. .  i .  I    »  i  t  "    i    . 


^& 


.f:.rsv-es: 


met  m  raqufawQMt0| 

MMbrfMlioneof  Oe  ifotk^  iad  it  hiM 
wipoiBBW^  twipcwittte  of  uunto  iMioilfdilli 

iKiilcMdy  1b#  iMitnMtdr  agrees  to  all  tiie 
qpMyit toai^^  that  lie  has  read  the  fl^edfieaddiil 
iMi^t|MjpitffiBie!&t8|  aiod  that  he  rigns  the  oontraotr  aaiif  v 
Wi  ftA  knowledge  of  what  is  before  hfan.    A  qieeift^ 
Horn  the  eoatraetor  the  diffieuItieB  that  are  Ift»|]r 
fiM^tig  eentra^,  when  eueh  difficdtieil  ate*  knowli^ 
be  flpedalfy  called  to  the  ocmtraotor^B  sotie^ 
iiitflIHgetttly*    Hb  attentiotii  however^  dbofuld  iiitf 
i^  wiQT  as  to  frighten  him  and  to  eauae  htal  # 
iilihi  but  the  facts  as  fhqr  exist  and  are  hftdMf 
be  stated*    Ais  in  all  relations  in  Bfe/  Btrai|^riftii«^ 
Ib  by  f ar  the  best  poliqr.    No  railroad  eoiit^ 
fe  benefited  by  letting  a  contract  for  a  mtiH 
fiiia^  a  reasonable  percentage  for  profit,  innoe  the 
dfSiiract^s  faihire  and  the  Utigataan  that  is  likefy 
iKwa  counter-balance  the  supposed  saving.     No  con- 
Ipteey  k  going  to  make  the  same  exertion  to  accom- 
oiie  who  realises  that  he  is  earning  a  fair  profit, 
fltecaation  that  may  be  taken,  it  is  ahnost  impossible 
A  given  proposition  may  appear  .to  the  emr 
work  has  commenced  very  different  from  what 
after  the  construction  has  b^^un.    When  an  en^- 
li  has  made  a  mistake,  he  should  not  hesitate  to 
%i  iet  about,  as  best  he  may,  to  correct  the  error, 
ity  to  check  against  errors,  and  should  be 
IQBCOvered  in  time  to  prevent  harm.    To  reduce 
tte  enc^neer  must  be  thoroughly  conversant  with 
It  arise  in  the  execution  of  the  work.    He  should 
appliances  ordinarily  employed,  and  should 
use  is  not  prohibited.    In  writing  his  speci- 
plans,  he  should  have  a  clear  and  comvlfito 
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^oQiid  liiiltf  ihe  iipftBHhtfrtinw  am  fivltf 
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liipiy^^  ttewition  of  any  irt  of 

J^^opt^li^^  >)^  vievr-Hibepiodaetlm  of  # 

III  jffPi]iW0  mDoeriiQCL  ,>•    i.-^f-'^r-^^ijr 

> '  ;i^^^       faridgB  WHwratnicture  i^MifiQaiioiift 
ij^l^^  twa  gmeral  groopi:  fl»t|  iiio|M> 

lll^  iliMiiifBctarey  and  eraetkm;  aadi  aeeoai,  liiiM|| 
li^^lwe  and  erectioii  aoiy.    ^^ecifieationa  uC^tiii 
raiboad  oompanies,  bridge  maoufaotariiig 
iag  cogjbeers;  and  ifaoee  of  the  seooiid ^r|ie  ogij^lb^. 
gPieefa  who  ck>  the  entire  dfirigning  of  their 
nothing  in  the  line  of  detailing  to  the  oontrttetcpi^^ 
ation  of  the  shop  drawings  by  elabotatisg  the 
by  the  engineer. 

Whenever  a  conmilting  bridge  eni^neer  lanea 
inetnioticnis  as  to  the  designing  and  profx^iiooliii^  ^Mii 
that  he  intends  to  make  a  praclice  of  sufamittiiic 
iraaufacturers  for  tenders,  and  letting  tiie 
designs  subject  to  his  approval.    Designs  enn^i»fi 
invariably  inferior  to  those  developed  entire^  by i^ 
himself  I  and  drafted  in  his  own  office  directly  vndafe 
vided,  of  course,  that  the  said  q^ecialist  is 
competent.  ^>^ 

The  reader  will  notice  that  in  this  treatise  tlie 
signing  are  entirely  separated  from  those  for  mamtfi 
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^^-^ife^fjA 


*j^  •.. 


lug  Ccmtraeto  has  been  treated  voty  fii% 

jil^jlipfc  mtitled  ''Engineeruig  Specifieatiaiviwd  ^mt 

f^  of  this  diapter  has  been  laxgaly  dzii^ 

0^ilb»  reader  is  refeired  for  a  more  compk^iSi^^ 
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.:*?  » 


5-jStA^ 


^t^^^:ti*^ 
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Igrtiiem  flpeoifieatioiis  and  oontraets  is  most  difiqalk 

j||^^fiir^^     ease  two  enguiemi  will  rarely  agree  as  to 

fiiPPcriy  to  the  speoifioatiaos  and  what  to  the  eoo^ 

Hfi^mSm^iMB  form  a  part.    Some  engineers  prefer  to 

into  the  qpecifications  and  thus  keep  the  siae  of 

fSffDaU  as  poesiblei  while  others  make  the  latter 

jp^ln^pg  in  itmany  dauses  that  are  ordinarily  found 

Ajglini  others  make  a  practice  of  repeating  in  tM 

that  ha^e  already  been  covered  in  the  epeci&fmr 

is  objectionaUe  in  that  it  is  liable  to  result  in  xxmr 

^^^author's  preference  is  to  throw  as  much  of  the 

into  the  iq)ecifications  and  reduce  the  sise  of  the  conr 

iUmi  avoiding  repetition  of  statement  in  the  two 

001  of  necessity  treating  certain  subjects  in  both  fMurts^ 

points  of  view.    Th^re  is  no  doubt  about  the  proper 

ttetc^sios  or  headings,  but  in  certain  cases  thore  are 

fllltlQQating  them  in  either  division.    All  clauses  that 

el^^  .eonstruction,  qualities  of  materials,  character  and 

iporki  rules  limiting  the  functions  and  powers  of  the 

the  authority  of  the  engineer,  directions  to  bid- 

ktioii  of  idiBn  and  materials  unquestionably  belong  to 

bolt  such  clauses  as  those  relative  te  adherence  to 

of  plans,  damages,  extras,  payment,  responsibil- 

igpfarit  of  the  specifications,  strictness  of  inspection, 

Ifcioqpe  (rf  the  contract,  and  time  of  completion  mig^t, 

ijlkperted  in  either  division.    The  author's  custom, 

lA  of  these  clauses  and  others  of  like  character  and 
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drafting  contracts  properly  cannot  well  be  over- 
drawn agreement  is  almost  certain  to  involve 
loss  to  m  innocent  party;  hence  it 
15S7 
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i^-0m^^(iaiM  "1^  adHlli0l^^ 


iMinitfwiiiittininy 
iaii^iiiriM 


:iiim^>.^^v^^' 
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am  praiiv--HiQiiOir  MM  iiiiep^ 


ll^^* 


i^P^^'  S'-- 


llliil  ittle  iDjwtim  to*  ote  of  tlw  ^ai^liei'ie^' 


ivc- 


mHjijp' 


^fif^''*|^|fe'TOt-ili  teijtic)6f^  to 

^^  ' '  "^H^  il  oonstantly  boto^  him  idm  wittiog 
"^'iMl  liM  w€tk  of  eogiiieertt  t«^^ 
^  JMted^te  qI  abtoiote  1^^ 
iir'^im  to  be  forced  to  inake  a jmeliie  ol 
^liMi^' IMiiilieM  To  mietriiel^^ 

%  PttgHMMiUe  but  esBential,  if  Hie  writer  of 
Il  to  protect  himeelf  or  Wb  dients  from  ktt 
^-    llie^OM^     dements  of  any  oontraet, 
Waiti  the  noted  authority  on  ^^Ertgjneert 
defioe''  are  tk  fbllows:  ^  ,  ^ 

Fird.    Two  parties  with  cf^mdty  to  eonftiMk'^^  '^ 

Second.    A  lawful  oonsideratioii:  a 
equivalent,  a  quid  pro  quo. 

Third.    A  lawful  subjedrmatter,  iriiether  ife^ 
a  material  objed;. 

Fourth.    Mutuality:    a  mutual  aasenti  a 
meeting  of  the  minds  of  the  parties. 

Without  these  four  elements  no  oontrad;  is 

The  essentials  of  a  well-drawn  contract  that 
of  the  engineer,  however,  are  as  follows: 

First.    A  proper  and  customary  form. 
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Second.    A    full    and    correct    description    of   d|^ 
agreement. 

Third.    A  thorough  and  complete  preamble. 

Fourth.    A  statement  of  when  and  und^  what 
is  to  become  operative. 

Fifth.    The  limit,  if  any,  for  duration  of 

Sixth.    An  exhaustive  statement  of  what  eadl 
binds  himself,  his  executors,  administrators, 
or  to  refrain  from  doing.  •    ^v^ 

Seventh.    A  clearly  defined  enundation  of 
each   party   is   to   receive — ^this   is   the 
instrument. 
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it  emilboMimi 

trlit  pi^  tt  loK^  lEio  tts  to  riio#  Ihe 
i^  i2if  the  oootiiofe  Is  to  te  dtttanzdMct 

of  pfl^jnoMotei  if  any  are  to  be  mada. 


lor*  intea  eoouieoflatioii  and  tiia  timllBliinni 
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f7-^7V*-^ 


Jat  pcia[i0>te  cfaangeB  in  eoiitn^  iTuVi 

lor  traaaf or  of  the  eontmot  or  for  mb4filtia#h^  ^; 
fw  aettkmeiit  of  disputes.  «  f' ;v^ 

far  satisfactoiy  and  sufllcient  bond,  if  aagr^lia 
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for  defense  of  lawsuibSy  if  soch  provision  bi 
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of  names  used  in  oontract,  suoh  as  ^^Engineeir/*? 
r/' or  "Trustee." 
Fpjgititg  of  ecmtract. 

signatures  with  the  necessary  seals^  if  tho^ 
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y'ry^P-^ 


^liitefisses  to  the  signatures  or  execution  before  a  notary 

m  taken  up  and  discussed  in  the  order  of  their  enu- 
essentials  to  a  properly  drawn  contract. 

il  of  opening  clause  for  contracts  are  both  numerous 

^  «£Peult  to  say  which  is  the  best.    Each  writer  nat- 

^yorite  style  and  will  adhere  to  it  whenever  poe- 

fi»r  many  years  has  been  as  follows:    (In  order  to 

the  usual  blank  spaces  will  be  filled  out  with  some 
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||Mt4A£QIEEM£NT,  made  and  signed  this  eleventh  day  of 

the  Kansas  City  Bridge  and  Teiminal  Railway  Com* 

of  Missouri,  t^e  party  of  the  first  part,  and  some- 

aiid  in  the  q>ecifications  the  ''Company/'  and  the 

a  ooiporation  of  the  State  of  Kansas,  the  party  of 

iHmied  In  this  agreement  and  in  the  8pecificati<Mi8  the 
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m|  linri^  Baihngr  Ooii9ttiigr»  a  eocponliQiv  lilfl^r  pil 


^ler  tbe  intrpduetory  daiue  ooiQiai  ihft 
liker  H  the  author  h^^  '' 

.  |lli!^lS8£TB/'  and  follows 
vli^b«4y  all  the  terms  and  conditioois  of  the 
MOflrisioii  to  the  omatures  and  seeb  ot  the 
to  these  signatux^ 


Smond.    In  describing  the  Tarioiis  parties  ti> «» 
be  ttdcen  to  make  the  description  full  and  oonvi 
shell  be  no  possible  mistake  conoerning  the  idenl^ 
19  effected  in  the  case  of  an  individual  l^  stating  hiivl 
of  residence,  in  the  case  of  a  firm  by  naming  it  fxHtijf^ 
of  bumiess,  and  describing  the  kind  of  partnecdiip^ 
pany  by  pving  its  1^^  title  and  the  name  of  the 
it  waa,  incorporated.    In  case  oi  a  partnership  itr  is 
cfpedfy  whether  it  is  general  or  special  in  reepeot  ti^  llli 
in  the  contract.  >'i> 

While  most  contracts  are  drawn  between  but 
times  occurs  that  an  agreement  will  involve  threfil# 
a  contract  is  much  more  complicated  and  difficult  t0 
tween  two  parties  only. 

Each  party  should  be  designated  in  the  i 
number,  as  the  party  of  the  first  part  or  the  party 
and  in  addition  it  is  well  to  give  each  another  d 
tmctor,"   "Company,"   "Owner,"   "Engineer,"  " 
"City,"  "Incorporator,"  or  "Trustee,"  in  order  to 
many  words  throughout  the  document,  as  woubl 
always  referred  to  as  the  party  of  the  first  or 
make  assurance  doubly  sure  it  is  well  in  some  cases 
"Contractor,"  "Company,"  "Engineer,"  "Promoter^f 
well  as  at  the  beginning  of  the  document.    In  aogr 
tory  clauses  should  be  placed  at  the  beginning  or 
fications,  because  the  latter  are  often  used  wil 
attached. 

There  is  no  strict  rule  as  to  the  order  in  which  till 
be  placed,  but  it  is  customary  to  make  the  one 
party  of  the  first  part.    In  case  of  employer  and 
should  come  first.    In  other  cases  it  is  a  good 
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portiuit  party  first  and  the  others  as  nearly  as  may  be  in  the  order  of  the 
importance  of  their  relation  to  the  enterprise  or  object-matter  of  the 
agreement. 

There  is  a  consideration  of  primary  importance  in  contract  writing 
that  is  sometimes  overlooked,  viz.,  whether  the  parties  to  the  agreement 
are  legally  entitled  to  enter  into  contract.  For  instance,  in  the  case  of 
a  company,  the  president  or  general  manager,  or  perhaps  either,  can 
sometimes  legally  contract  in  the  company's  name,  but  sometimes  he  can- 
not, in  which  case,  if  haste  be  essential,  it  would  be  proper  to  have  him 
alter  into  and  sign  the  contract  and  afterward  have  it  formally  approved 
at  a  meeting  of  the  board  of  directors.  A  properly  certified  copy  of  the 
board's  approval  should  subsequently  be  attached  to  the  contract.  Ac- 
cess to  its  charter  and  by-laws  is  generally  necessary  to  determine  who 
has  authority  to  enter  into  and  sign  contracts  for  a  company. 

In  contracting  no  corporation  can  exceed  the  limit  of  its  powers  as 
pven  by  its  charter.  If  it  attempts  to  do  so,  its  act  will  be  idtra  vires 
and  without  eflfect;  consequently  it  behooves  one  in  writing  a  contract 
with  a  corporation  first  to  study  well  its  charter,  articles  of  incorporation, 
and  by-laws. 

Contracting  with  imincorporated  organizations  as  parties,  such  as 
associations,  clubs,  societies,  or  congregations,  is  a  precarious  business; 
nevertheless  it  often  has  to  be  done.  In  order  to  ensure  the  payment  of 
money  obUgations  by  such  parties  a  suflScient  sum  should  be  deposited 
in  advance  in  the  hands  of  a  reputable  trustee  with  instructions  to  pay  it 
to  the  proper  party  or  parties  as  soon  as  the  obligations  covered  in  the 
contract  have  been  met.  Otherwise,  the  other  contracting  party  is  liable 
to  lose  his  entire  consideration,  because  it  is  very  difficult  to  hold  legally 
an  organization  that  has  no  legal  existence,  even  if  all  the  members  thereof 
be  individually  liable. 

Again,  any  person  imder  twenty-one  years  of  age,  termed  in  law  an 
infant,  who  enters  into  a  contract,  has  the  privilege  of  repudiating  it 
after  arriving  at  the  age  of  maturity,  in  case  that  it  does  not  redound 
to  his  advantage;  consequently  it  behooves  the  writer  of  a  contract  to 
make  sure  in  all  doubtful  cases  that  the  contracting  parties  are  of  age. 
In  engineering  contracts,  however,  this  question  is  seldom  likely  to  arise 
because  very  young  men  are  not  often  concerned  in  a  prominent  way 
with  important  enterprises. 

Similarly,  imbeciles,  inebriates,  and  lunatics  are  incompetent,  and 
contracts  made  by  them  are  legally  voidable  at  their  option.  While  it  is 
highly  improbable  that  either  an  imbecile  or  a  lunatic  would  ever  be  made 
a  party  to  an  engineering  contract,  it  is  not  impossible  that  a  man  chron- 
ically addicted  to  the  over-use  of  liquor  might  be  so  concerned.  Such 
a  man  might  plead  that  he  was  under  the  influence  of  drink  when  he 
signed  the  docimient,  and  thus  possibly  eflfect  his  release  from  its  obli- 
gations, consequently  the  writer  of  an  engineering  contract  should  assure 
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aoneiBd/'  or  in  some  ffftnlW  and  equally 
tiie  name  of  the  real  principal  is  made  certaiii/ttil 
is  preserved,  and  Ihe  possible  liability  ctf  the 
ipv^rted.    It  must  be  ranembered  that  no  eiatete^ 
principal  are  created  by  a  contract  altered  into 
without  proper  authority,  unless  the  edntraefe 
directly  or  indirectly  by  the  principal.  ;f>r 

Much  engineering  work  is  being  dcme  and  is  to  te^ 
by  contract  with  the  United  States  Govemmeal,   J|t 
tracts  it  is  important  to  note  that  althou|^  the 
suit  on  its  contracts  for  their  enforcement,  it 
consent,  be  sued  for  non-compliance  Iherewkh. 
known  of  repudiation  of  contracts  by  govemm^irta. 
lie  officers  cannot  be  held  personally  liable  for 
in  their  official  capacity.  -^^w 

The  names  of  the  parties  in  the  body  of  a 
exactly  with  the  signatures  and  seals  at  the  end,  ftacos 
prove  fatal  to  the  validity  of  the  document,  ,i'^fU 

Third.    The  preamble  is  a  most  important 
It  should  explain  fully  all  the  whys  and  wherefores  oK: 
its  raison  d^Hre.    A  thorough  explanation  of  the 
often  render  clear  the  intent  of  a  clause  in  the 
that  is  otherwise  ambiguous. 

Fourth.    Every  contract  should  contain  a 
what  conditions  it  is  to  become  operative.    The 
ticular  day  of  month  and  year  or  immediately  BSttM 
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given  proper  attentioii  in  ooatfaot  wMxigi 

oofporatioiie  or  belween  a  oorporatkat  Mil 
to  perform  ahould  be  made  UiuKng  upon  tito 
o|  aaeb  oorporatton,  ahhoug^  it  is  probaUo  ilbil 
tibii^  even  H  tiie  atipidatioii  be  omitted* 
iaa  itadi vldnal  is  a  pirby  to  the  agreement  it  is  best 
biit  also  hu  exeGut(»8  (XT  asfflgas,  imlessy  pofdiabos^ 
0m»ioh  anatuze  as  to  be  ncm^ransferable,  as  for  iii- 
of  pefsonal  duties  or  servioes  Of  an  expert  natuvs 
ihiL  Thus  an  engineer's  servioes  are  not  teansfer- 
pffovision  be  made  and  agreed  to  by  both  parties 
ideath  or  inability  for  good  and  sufficient  reaspn  to 
is  to  be  assumed  by  some  other  engineer  dthor 
afterward  in  some,  specific  way.  But  the 
of  a  firm  ot  engineers  will  not  cancel  an  agreement; 
)|#  Ijhe  <)figinal  members  ct  the  firm  remains  in  charge 
In  other  words,  it  would  require  the  death  or 
wipoal  members  of  tlie  firm  to  abrogate  ihe  con- 
HiMyi^fBon  to  the  contrary  exist  in  the  written  agree- 
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are  generally  assignable,  unless  th^  contain 

ion  which  each  party  to  an  agreement  is  to 

ihoiild  be  clearly  and  fully  stated  in  the  document, 

are  liable  to  be  held  valueless  and  void  in 

i^lnttdderation  must  be  real,  substantial,  and  ade- 

a  practice  in  many  cases  of  specifying  a  con- 

^^^ind  they  even  try  to  pass  that  dollar  aroimd 

^^  the  agreement  1^  having  each  party  make 
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iSi»t^^  be  Ittir  or  engbcMfaig.    IHr 

4^060  6f  weaknan  in  the  documeot  and  a 
iMivkad^  failed  to  maiDe  ^videiit  Hie  irM 
Ii  to  fecttve  and  the  real  reasoii  lor  eadi' 

Thefe  may  be  aonie  eieiiae  for  pBadngihrn^ 
dee^Qg  property  to  his  child,  where  the  teoi' 
affectbn;  but  a  doUar  does  not  constitute  a  teal 
be  insufficient  unially  to  pay  the  cost  of 
its  einidoyment  is  a  fiction  and  a  farce. 

JSH^iih.    No  portiim  of  the  woric  of  oontiael 
experience  and  ability  than  the  forecasting  of  ai{^' 
that  would  materially  afiFect  the  agreement  and  tibe 
what  is  to  be  done  in  the  case  of  each  eveni 
more  or  kss  faulty  in  this  particular,  for  it 
to  forecast  all  future  hai^iemngs;  neverthdess,  in 
tant  contract  one  should  Godeavor  to  foresee  and 
ties  and  probabilities.    The  lawyer  or  fgiginaw'  lAA 
giving  this  important  matter  full  considerBtion  ha^ 
he  writes  will  soon  find  himself  in  demand  by 
making  tiieir  investments  and  in  consummating  tlwte 

Ninth,    The  matter  of  penalties  is  (me  that  ItiS  |d 
gloves,  for  the  law  is  very  j^ous  of  its  rif^ts  and 
that  it  alone  is  authorised  to  specify  and  enforce  a 
terprets  as  a  punishment  for  failure  to  p^orm  or 
of  an  agreement.    On  this  account  it  is  better  not  tl^ 
alty"  in  aiiy  contract,  but  to  employ  instead  thist^ 
ages.''    The  author  has  a  clause  in  construction 
as  follows: 

"For  each  day  of  delay  beyond  the  date  set  in  tttt 
pleting  the  entire  work  herein  outlined,  all  in 
specifications,  and  directions  of  the  Engineer,  the 
hold  permanently  from  the  Contractor's  total 

dollars;  and  the  amount  thus  withheld  shfdl 

a  penalty,  but  as  liquidated  damages,  fixed  and 
the  contracting  parties  as  a  proper  compenaatieii 
the  loss  caused  by  such  delay."    Liquidated 
forced,  owing  mainly  to  the  characteristic 
they  object  to  taking  advantage  of  a  contractorv 
fully  but  has  been  unfortunate.    Again,  the 
jurors  is  generally  with  the  working  man  and 
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ttiiart  oontnuBte  for  o(nurtraetio&  and  i^tumm 
Ifteieisiioaieed  io^^psrcmdd  for  a  {xwbfe  ateogMtfltar 
thai  oomidetioii  of  the  work  involved  ia  a  ila#i 
ia  adoie  other  types,  audi,  for  inatanoei  aepiitiinr 
imrttoemdeiiiitely,  full  detaitod  proviaimi  iAMfcl  1^^ 
at 'any  time.    Great  care  should  be  earardaed  li^ 
sA  euirent  business  matters  are  to  be  cloaed  i^  vdui 
to  the  other  party  or  parties  by  the  partgrvito 
urn.    To  do  this  in  a  satiusfactory  maniier  witt 
lD0i(de^  and  ability  ot  the  highest  order, 
ii  l|siliB  impCNi^  in  many  contracts  to  state  where  tibe 
and  where  it  is  to  be  put  in  force,  notwiAatani* 
^pi|#iB  tesidenoe  of  each  party  in  case  of  individuals  or  1^ 
in  case  of  corporations  has  been  described  in  the 
i^|isa:oi  tiie  document.    The  laws  governing  a  donttaet 
bjr  the  plAce  where  the  contract  was  made  or  by 
imfonned.    Wait  treats  this  question  very  thoroui^^ 
if  his  "Engme^rhig  and  Architectural  Juriqprudenoa.^ 
of  making  payments  under  construction  eoD«- 
covered  in  the  spedficationB,  where  they  prqpeily 
'Ciiber  ^ypes  of  contract  in  which  payments  of  mon^  are 
(diould  be  arranged  for  the  exact  manner  in  which 
partial  and  final,  are  to  be  made.    This  remark  i^ 
i^mse  to  ccHDLtracts  involving  enfpneering  fees;   for  in 
icii  account  are  not  arranged  for,  there  is  a  chance  that 
tieeeive  no  compensation  at  all  until  after  the  comple- 
and  this  mi|^t  be  delayed  for  an  indefinite  period. 
I^lttctace  is  to  ask  one-half  of  his  fee  upon  the  com- 
aind  qMcifioations  and  the  other  half  in  monthly  pay- 
to  the  amount  of  contract  work  done  on  the  oon* 
iAm  the  latter  is  finished  he  shall  have  been  paid 
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llciEiitroction  contracts  the  subject  of  extra  payments 
^ipifcifications,  although  in  many  cases  .it  is  covered 
}  Tbe  author's  standard  clause  for  this  item  reads 

lAowed,  unless  Ihey  be  ordered  in  writing  by  the 

ao  allowed  the  CJontractor  will  be  paid  the  actual 

and  applied  labor,  plus  twenty  (20)  per  cent  for 

will  be  required  from  the  Contractor  for 

No  allowance  will  be  made  for  superin- 

oCher  indirect  expense." 

n  to  provide  for  making  changes  in 
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l|P4l^^'90tlioQ  <if^i^  witlioiit  the  inittoii 
^^j|Ni^   birt  wiA  keep  the  nme  iritbiivli)r4MiArd^ 
^^iil^SbiMwfitlL   la  trnpoc^  to  iMPovUktt  for 
0sm^^^  9Qm&^^  at  'vmanoft.    Some  tUak 
iM^itito  iofe  arbiter^  bot  endi  an  acraiigemflnfe  ja 
4At%r4dlQB0tlier  too  mudi^  ct  autoeratie  rok. 
^apt^aMthod  of  letUemeiit  of  aD  dispiiteB  on 
iMi^  for  this  itam  is  aa  foDowsf  '^Tliii 

dMili  WEitn)!  aa  to  the  interpretation  of 
tef  tiie  aaeeiitkm  of  the  woric  under  them;  Iml 
eidar  itsdf  aggrieved  by  any  deoimon  it  may 
finally  and  eondudvely  settled  by  the  deeiskin  ^ 
fiiBt  to  be  appointed  by  the  party  of  the  fiiafc  parti 
of  the  second  part,  and  the  third  by  the  two  luMtiaAQil 
case  that  the  two  first  chosen  fail  to  agree  xtpixk  m 

be  appointed  by .Sy  the 

arbitrators  or  that  of  a  majority  of  tiiem,  both 

shall  be  finally  boimd/'    The  person  chosen  to 

should  be  some  prominent  official,  such  as  the  jud^s  >|ii| 

the  mayor  of  a  certain  city,  or  the  governor  of  a 

dom  that  an  arbitration  clause  in  a  contract  is  titilked| 

as  a  rule  are  reasonable.  >^ 

Notwithstanding  the  fact  that  the  contract  leadir 
cision  of  these  three  .arbitrators,  or  by  that  of  a 
parties  to  this  agreement  shall  be  finally  bound^^'f^  tfcMI 
that  the  losing  party  has  still  a  right  to  appeal  to  the 
this  clause  of  the  contract  is  not  absolutely  bindiogt^^^J 
matters  if  immediately  after  an  arbitration  is  agreed 
concerned  were  to  give  to  the  other  a  bond 
abide  by  the  decision  of  the  arbitrators.  -^(V. 

Eighteenth.    The  bond  question  is  a  promin^ 
struction  contract,  and  occasionally  is  important  te 
tract.    The  author  has  finally  come  to  the  condwkii 
Company  bond  is  the  only  kind  that  he  shall 
f uture,  for  no  other  kind  is  so  satisfactory  to  Urn 
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with  so  little  diflSculty  by  the  C!ontractor.  All  personal  bonds  are  ob- 
tained by  favor,  and  they  are  generally  very  unsatisfactory;  for  the 
solvency  of  the  sureties  is  difficult  to  prove,  and  to  enforce  payment 
is  still  more  difficult.  There  is  considerable  humbug  in  connection  with 
sureties  to  agreements,  for  a  slight  change  in  contract,  plans,  or  specifi- 
cations is  often  sufficient  to  render  the  bond  null  and  void.  If  anyone 
doubt  this  statement,  let  him  read  what  Wait  says  on  pages  13  to  17  of 
his  "Engineering  and  Architectural  Jurisprudence."  In  the  author's 
opinion,  the  only  way  to  protect  the  Company  is  to  insist  upon  having 
a  bond  that  will  permit  of  all  necessary  changes  in  plans  and  specifica- 
tions without  releasing  the  surety,  and  even  such  a  bond  might  be  voided 
by  the  law's  declaring  it  illegal  because  it  departs  from  current  practice. 

Nineteenth.  If,  according  to  a  contract,  the  C!ontractor  is  to  indem- 
nify the  Company  against  all  liability  or  damages  on  account  of  accidents, 
it  is  only  fair  that  the  former  should  be  given  the  privilege  of  assuming 
the  sole  defense  of  all  lawsuits  arising  from  such  claims. 

Twentieth,  The  manner  of  defining  by  special  clauses  names  used  in 
the  contract,  such  as  "  Engineer,"  **  Company,"  etc.,  will  be  seen  in  the 
appended  example  of  a  contract. 

Twenty-first  A  contract  can  be  dated  either  in  the  opening  or  in 
the  final  clause,  or  in  both.  In  the  latter  case  it  is  better  not  to  repeat 
the  date,  but  to  insert  the  sentence  "Dated  the  day,  month,  and  year 
first  herein  written." 

Twenty-second.  It  is  important  that  the  signatm^s  coincide  exactly 
with  the  names  of  the  parties  as  given  in  the  opening  clause  of  the  agree- 
ment, and  that  proper  seals  are  attached  when  they  are  needed.  If  a 
party  to  a  contract  be  a  corporation  its  corporate  seal  should  be  used, 
but  in  the  case  of  an  individual  almost  any  kind  of  a  seal  will  suffice — 
either  a  wafer  or  the  word  "seal,"  with  a  scroll  drawn  aroimd  it  with  pen 
and  ink,  being  commonly  used.  In  the  latter  case  it  is  better  to  write  in 
smaller  letters  the  initials  of  the  signer  over  the  word  "seal."  There  is 
an  important  and  fundamental  difference  between  contracts  with  and 
without  seals.  The  former  do  not  need  to  have  a  consideration  men- 
tioned in  them  in  order  to  make  them  valid,  while  the  latter  do  require 
such  mention.  In  former  times  there  was  far  greater  difference  in  the 
importance  of  sealed  and  parole  (or  unsealed)  contracts  than  there  is  today; 
for  then  a  sealed  contract  could  not  be  modified  without  taking  many 
formal  l^al  steps,  while  today  it  can  be  changed  quite  readily  by  a  short 
supplementary  contract,  provided  there  be  a  proper  consideration  men- 
tioned therein  for  the  making  of  the  change. 

Twenty-ihird.  Where  the  party  to  a  contract  is  a  corporation,  the 
proper  witness  to  the  Company's  signature  is  the  Secretary  of  the  Com- 
pany, who  should  use  its  corporate  seal  for  attesting  the  document;  but 
in  case  the  party  is  an  individual,  any  witness  will  suffice.  The  best  pos- 
sible witness  to  signatures  is  a  properly  authorized  notary  public;    be- 
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to  ImmIi  lor 'Ann  nsd  flmittfioiliM  ~ 
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tiie  party  of  the  fifst  part,  and  aomotjnuia  tOFBoed  inlidli^ 

tfooa  the  "Ckmipaiiy,''  and .«.>i.^«.^.^|Vi 
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of  tiie  wooiid  part,  and  ■ometimai  tenmed  in  thk  »gry|i|ii|tl- 
the  "Contractor." 


VV^^iV/; 


i^^^^!y^:i^- 


Whbbbas, 


,.  ( 


••-f  "A 


1?-' 


'«i<i^'i 


•  »     f 


Now  THIS  AQREEMEMT  WTTNEBSETH: 

First. — ^The  party  of  the  second  part,  for  and  m 
to  be  made  to  it  as  hereinafter  specified,  wiQ .' 
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all  in  accordance  with  the  plans  and  specifications 
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hereof,  and  will  fully  finish  and  complete  the  same  by. . 
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>«Bd  duursetefMbB  «f  the  »imctwe  agi  filfer 
dnmriDCB  and  q>eoifiks«lioo0y  which  fonn  a  pwl  ol  ^|p 

Ijiwiiiliiiiiiiii  of  the  pctforanaace  by  the  par^  of  thcaeeond  pwi  d itp 
Mptay  aft  heranbdoire  aet  fora.  the  pariy  of  the  fint  part  hml^ 
iBD  pi^  the  party  of  the  aeoooa  part  as  iqDowb: 
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,  M  jMigr  other  maleriab  fumlahed  bjr  the  Contractor  that  are  aoi 

ilh^  ihall  be  paid  for  on  the  bans  of  actual  cost  to  the  Ckmtraetor 

ixnt.  for  hu  JPfofit,  it  being  understood  (as  stated  in  the  "Un- 

'  dihe  specmeations)  that  no  indirect  expenses  of  any  kind  wiQ 

the  cort  ol  such  materials. 

nopaymentSy  either  partial  or  final,  are  to  be  made  for  aw 
"^  jte  llipd  for  falsework  or  pbmt  and  that  payment  is  to  be  maqe 
lilldAll  jiiejhft  permanently  in  the  finished  structure  and  forma  part 
lleixMEipMijdate  the  Contractor,  however,  the  Engineer  may,  at  hia 
partial  payments  in  advance  of  Uie  permanent  work  aa 
*  are  employed,  but  the  Contractor  shall  have  no  '  " ' 
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prices  to  be  employed  in  nuddng  partial  payments  for  aB 
to  be  determinea  by  the  Engineer. 

paid  for  by  the  party  of  the  first  part  shall  be  deemed  to  have 

aid  to  .have  become  the  property  of  the  said  first  party,  but  the 

'  ffirl  hml^  agrees  to  store  it  and  to  beioome  respooisible  therefor 

of  this  agreement.    If  any  of  it  be  damaged,  destroyed,  or  lost 
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_  amons  others,  floods^  washoutSj  and  fiies.  the  Contractor 
ppie  athis  own  expense  to  the  satisfaction  ot  the  Engineer, 
a  party  of  the  first  part,  notwithstanding  the  failure  of  the 
^  ofnnidete  its  work  within  the  time  specified,  shall  pennit 
1,  and  continue,  and  complete  the  same,  as  if  sudi  time 
diall  not  be  deemed  4i  waiver  in  anv  retqpect  by  the  first 
for  damages  arising  from  such  non-completion  of 
and  covered  by  the  ''Liquidated  Damages"  clause 
ity  shall  continue  in  full  force  against  the  said  second 
had  not  been  granted. 
■0:  ialten^tion  shaU  be  made  in  the  terms  or  condhions  of  this 
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of  both  parties  hereto  in  writing:  and  no  claim  shall 
aiay  extra  work,  unless  the  same  shali  be  authorized  and 
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ddinr  in  completing  the  work  embraced  in  this  con 
shad  be  entitled  to  no  extra  compensation  on  account 
~  that  in  submitting  its  tender  it  took  its  chances 
If,  however,  in  the  opinion  of  the  Engineer^  the  Con- 
Company  to  such  an  extent  as  to  cause  hun  serious 
of  the  work,  the  Company  shall  allow  the 
for  such  delay  as  may  appear  to  the  Engineer 

part  herdby  agrees  that  it  wiQ  not  assign  or  sublet 
Of  any  portion  of  it,  without  the  written  consent 
keep  the  same  within  its  control. 
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Bjnn.— -A^  ftMoc^nc  to  Hie  tmni  of  tii» 

;;^^:r  fMmiupHoitUiMit^ 

jit  Ite  fiiflt  part  figftirifp^  iB  fiabilHy  €ir  4MimjB><fH 
.Sl|it  dttiflrfcn  or  wi|ii||faiim  of  HmII^  ill  mbiiI%  or -Jli 

iiliil  Ite  iwfy  of  the.ioootKl  jNOt-  ifaftU  bt  pra^^jiiljr 
|Mi^  of  the  msl  pivt  ol  the  Di^i^  <tf 
.<p  Mwniuiig  the  aole  deiense  thmof .    It  m  eke  nt 
fM|ltMi  to  pej  efi  Judgments  obteined  by  leeaoa  « 

4t!  ipbi  fflfff^tt-  the  pertgr  of  the  flnt  pirti  imdiidlBg 
ipidjattwrlBQe  eipeii06S. 

<§|||M^boiid»  MtMeotoiy  to  the  perty  of  the  fifiii 
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the  epeeSfieetioos,  and  of  afi  the  tame  end  <xiiMUitoai^^ 

qf  thie  itrumDeB,  and  to  im>teet  and  iei^  bennleie  t|ke 
and  from  all  damagM  to  pcfeonB  or  property  cam 
negligMicetwthe  Contractor^  his  Menti^  sertants,  or 
oonneetion  tnerowith,  and  from  injury  to  or  lops  of  it 
either  partially  or  in  fuU  beford  the  completion  and 
constructions.  In  case  the  contract  coven  on|y  the 
metaly  no  bond  will  be  required. 

FouBTBSNTH.— The  word  "Engineer''  as  used  h.  tiiii 
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suiting  Engineers  of  the . 
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In  wrrNBSB  whebeof,  the  parties  to  this  agreement  kiK^ 
and  seals.  '^ 

Dated  the  day  and  year  first  herein  written.    • 
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Witnessed  by 
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In  concluding  this  chapter  there  are  a  few 
tanoe  to  which  the  reader's  attention  is  called* 
often  ignored  in  the  preparation  of  contracts,      p/^. 

No  erasure  with  a  knife,  rubber,  or  other 
be  made  in  any  legal  document,  but  if  a  nustalat; 
be  lined  out  in  the  case  of  handwriting  and 
tition  of  the  letter  x  in  the  case  of  type^ 
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must  evidently  have  been  made  while  the  document  was  being  trans- 
scribed  and  before  it  was  signed,  while  in  the  case  of  an  erasure  no  one 
can  say  what  was  originally  written,  or  that  the  correction  was  not  made 
after  the  signing  of  the  docmnent.  As  a  matter  of  precaution,  it  is  ad- 
visable to  have  each  signer  of  a  contract  initial  on  the  margin  of  the  page 
on  which  it  occiu^  each  correction  that  the  docmnent  contains.  This  will 
show  conclusively  that  all  the  interested  parties  concurred  in  making  the 
changes.  However,  if  a  draft  of  an  agreement  contain  many  such  cor- 
rections, it  is  better  to  have  it  recopied  before  obtaining  the  signatures. 
Theoretically  every  contract  should  be  written  on  a  single  page,  for 
otherwise  what  is  there  to  prevent  a  dishonest  person  from  removing  all 
the  pages  except  the  last  and  replacing  them  with  similar  pages  contain- 
ing matter  prepared  in  his  own  interests?  Some  people  meet  this  objec- 
tion by  pasting  together  in  one  continuous  piece  all  the  sheets  of  the 
document  and  marking  in  red  ink  on  the  joined  parts  a  waved  line  that 
passes  alternately  from  one  sheet  to  the  other.  Others  take  the  precau- 
tion to  have  all  the  parties  to  the  agreement  initial  each  page  of  the  bound 
sheets.  The  manifolding  of  typewritten  documents  is  a  fairly  good  means 
for  preventing  the  making  of  fraudulent  changes  in  such  papers;  but  in 
case  that  all  the  copies  but  one  are  destroyed,  this  check  would  become 
inoperative. 

Contracts  executed  on  Simday  are  illegal.  They  may  be  agreed  upon 
and  drafted  on  Simday,  but  to  be  valid  they  must  be  dated  and  signed 
on  some  other  day  of  the  week. 

It  is  always  advisable  to  let  a  contract  "get  cold"  before  signing  it, 
i.e.,  it  should  be  set  aside  for  at  least  one  night  and  read  over  carefully 
the  next  day  by  all  the  parties  in  order  that  each  may  make  sure  that  the 
document  expresses  exactly  in  every  particular  what  has  been  agreed 
upon  verbally,  and  that  there  is  no  clause  in  it  prejudicial  to  his  inter- 
ests. By  giving  the  mind  a  rest  one  is  often  able  to  comprehend  a  docu- 
ment more  clearly,  and  thus  save  himself  or  his  clients  future  trouble  or 
pecimiary  loss. 

After  an  engineer  has  prepared  a  contract  and  has  added  all  the  fin- 
ishing touches  to  it,  he  should  submit  the  draft  before  it  is  signed  to  a 
competent  lawyer  for  his  conmient.  This  is  better  than  letting  the  law- 
yer draw  it  in  the  first  place;  and  although  a  competent  engineer  can  draft 
an  engineering  contract  better  than  any  lawyer,  nevertheless  an  indepen- 
dent check  is  necessary  for  any  important  document,  and  who  so  compe- 
tent to  check  a  legal  paper  as  an  attorney! 
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.   il7to  pi«pai«tioii  of  reports,  lika  tbil  of 
iMpiartani  and  xeflponable  ebunei  of  work  tlnft^i 
^{wfonii.    It  iiiirolyet  not  oiil^  a  i«i(to 
miimd  judgme&t  based  upon  a  praetieil 
i|pd  no  iampeanmoBd  engineer  need  eaqpeei  tabe^ 
of  tqxirta  of  any  great  consequence.  :/.^,> 

The  reports  that  bridge  engineeni  u^vmu^i. 
nmsr  be  included  under  four  heads,  yi^,  x/xii^ 

Fir$L      Reports  on  conditions  of  old 

iSaopfid    Repcnrts  on  values  of 
oapaoily. 

7%inf.     Reports  on  projected  struetiras. 

Fourths    R^xirts  upon  plans,  upon  emnyftiifj^* 
structures,  and  upon  methods  of  construotiQ% 
progress.  * 

Many  such  reports  have  to  deal  not  only  iHUt: 
allied  constructions;    h^ice  theneccBsity  f or  .# 
posted  on  other  lines  of  engineering  than  his 
connection  with  many  bridge  projects  there  an 
or  highway  approaches,  station-houses, 
nals,  traiuHsheds,  steam  or  electric  mt^jineoF,  aali^l 
These  adjuncts  complicate  greatly  the  reportiilgL 
and  render  necessary  either  a  very  broad  eaqpwriewii 
engineer  or  the  calling  in  of  outside  expert  assistaoiQ^if , 
the  more  experienced  an  engineer  is  in  his  own 
is  he  to  call  upon  engineers  in  other  lines  to  aid 
of  his  practice  in  which  he  does  not  consider  hunfulf') 
sequently  the  making  of  an  important  engineeriB)|| 
joint  effort  of  two  or  more  engineers  who  specta|Ni|^;^ 

The  question  of  what  should  and  what  should 
gineer's  report  is  contingent  upon  several  ii 
the  first  place,  it  will  depend  upon  who  the 
dressed.    If  he  be  an  engineer  or  a  man  fairly 
treated,  the  style  of  the  report  may  be  quite 
should  be  written  specially  for  the  la3rman;   aiid: 
gineering  matters  which  it  contains  should  be 
any  one  of  ordinary  intelligence  may  under8taiif|\ 
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(md  place,  it  will  depend  upon  whether  the  report  is  to  be  published  or 
not.  If  it  is,  a  formal  and  strictly  correct  style,  which  is  not  essential 
in  a  document  of  a  personal  character,  will  be  required.  In  the  third 
place,  it  will  depend  upon  who  its  principal  readers  are  likely  to  be  and 
how  interested  they  are  in  the  project,  for  if  they  are  busy  men  in  other 
lines  of  work,  the  report  should  be  as  short  and  concise  as  practicable; 
but  otherwise  it  may  be  made  quite  full  in  detail.  In  any  case,  though, 
the  text  should  stick  closely  to  the  matter  in  hand,  and  should  be  made 
no  longer  than  is  really  necessary  to  accomplish  the  desired  purpose  in 
the  most  effective  manner  possible. 

All  reports  should  be  written  in  some  logical  sequence  so  as  to  hold 
the  interest  of  the  reader  and  prevent  its  flagging  until  the  last  word  has 
been  perused.  This  sequence  may  be  that  of  time,  that  of  importance, 
or  that  of  some  special  consideration  peculiar  to  the  subject  under  dis- 
cussion. 

It  almost  goes  without  sa3ang  that  absolute  integrity  is  a  sine  qua 
non  in  the  preparation  of  any  report.  The  writer  should  take  great  care 
to  maintain  constantly  a  fair,  judicial  attitude  in  order  that  his  advice 
may  not  be  colored  by  his  desire  rather  than  by  his  judgment,  and  to 
ensure  that  all  favorable  and  imfavorable  considerations  may  receive 
their  proper  weight.  A  too  favorable  report  may  lead  clients  into  an 
unprofitable  investment  not  only  to  their  ultimate  detriment  but  also  to 
that  of  the  engineer;  while,  on  the  other  hand,  a  pessimistic  report  may^ 
prevent  the  profitable  employment  of  capital. 

A  masterly  style  of  composition  and  a  fine  conmiand  of  language  go 
far  toward  making  a  report  successful;  but  these  desiderata  cannot  be 
attained  without  a  thorough  training  in  the  study  of  one's  own  tongue. 
Technical  writings,  in  order  to  produce  the  best  possible  eflfect,  should 
be  characterized  by  vigor,  conciseness,  fluency,  power,  logic,  seductive- 
ness, and  the  capacity  to  retain  interest.  Without  these  attributes  en- 
gineering reports  are  liable  to  fail  more  or  less  in  their  purpose.  Con- 
cerning the  usefulness  to  an  engineer  of  a  conmiand  of  his  own  language, 
the  reader  is  referred  to  a  paper  on  "The  Value  of  English  to  the  Tech- 
nical Man,"  by  John  Lyle  Harrington,  Esq.,  Consulting  Engineer,  which 
was  delivered  as  an  address  to  the  students  of  several  engineering  schools 
early  in.  1906,  and  was  published  soon  after  in  pamphlet  form  and  copied 
widely  by  the  technical  press.  It  is  to  be  found  also  in  a  book  entitled 
"Addresses  to  Engineering  Students,"  edited  by  Waddell  and  Harrington. 
It  is  by  no  means  easy  to  outline  what  reports  on  bridge  matters 
should  contain  and  how  the  various  questions  involved  should  be  treated, 
because  there  is  no  great  similarity  between  the  cases  which  arise  in  an 
engineer's  practice;  but  by  dealing  separately  with  each  of  the  four  pre- 
viously mentioned  types,  there  may  be  given  a  few  general  ideas  that 
will  prove  of  value. 

In  reports  on  the  condition  of  existing  structures,  one  should  mention 
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wtwQjr  be  tantadftdl  la  tbe  tvpoili 

r^:'^'f<^'  M^'t^Jitt'ltpQi^  Oft  lW>'in^M'.jOi«tQBM«|||^> 

Aould  tliileL'ili  oiRgpihig: 
t#  Inuport  bcMk  lilt  kffdi-:!^ 
"wljili  ttre  Uabfe  to  cumb  it  in  the  futape*  fliffwiijl^ 
Inrini  the  eoet  of  futuie  tepeiii^  jboidd 
fAii#Qiie  to  eeny  modeni  five  loada  imrid 
itiitBiettt  of  prannt  and  ptobehle  Jutai^ 
end  opfwutwHi  ffiHI  ffhowM  riMvw*  the  pteMiA 
ttaJBiy  to  be  incrooaed  «or  diminiihed  nn  the  JotiMlt 
Ihe  piiee  adked  for  the  etniebire,  he  Aodd  #M  Hi 
neat  end  as  to  what  the  bridge  k  really  nwth^ 
viae  hia  c^eota  fully  ui  every  particular  .abeui^ 
sale  of  the  structure,  stating  dear^  and 
cons  so  that  th^  may  be  fully  iniormed 
portance  in  connection  with  the  pending  negotialpilM 

In  reports  on  projected  structures  one  shmtd 
the  character  of  the  proposed  construetioii,  ai^iri 
the  design,  building,  and  operation  of  the 
estimates  of  first  cost,  operation,  maintenanoe^ 
revenue;  should  treat  of  the  feasibility  of  the 
view,  and  should  summarise  by  making  a  clear 
and  unfavorable  factors  and  by  giving  the  tesultMft 
have  been  properly  weighed  and  digested. 

In  reporting  upon  designs  prepared  by  otiMT 
in  a  rather  delicate  position;   because,  on  thec:<jiK|^ 
violate  professional  ethics  by  too  severe  criti<Ml|l 
practitioners,  and,  on  the  other  hand,  he  moat 
terests  by  pointing  out  clearly  and  unmistAkahtj^ 
may  discover,  and  he  must  not  hesitate  to 
ceming  the  feasibility  of  the  design  or  the 
that  it  illustrates.    Elach  case  of  this  kind 
upon  its  own  merits,  for  no  general  procedure 
The  same  difficulty  exists  in  reporting  upon 
exbting  structures  and  upon  methods  of 
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ftoBoiiBt  we  have  pvepaied  f  Ipgraat  aiKd  «tiDU#  ol  ml 
fnr  Hie  voitbi^  el  your  MieiiflioiA  ^^^^tlftryj  fieSiiijV 
iSribedy  and  beg  to  lepoit  as  folkyws: 
|^Weee«|Mj^^  we  have  made  t&e  eeotra  iae 

llillllfw  itow  t6  thai  of  the  old  atfuetme^  but  two 

S^fth^c  JMq  the  Weit  aid^ 

Mw  biklfe  are  locii^^  feq^^ 
amift  piim  d  the  eadatng  atnietiirei  brt.thf 
an  aboiii  twenty-Aye  ^)  feet  neaiiw  ti»^  ' 
jpicin  of  the  preaent  liiidee.    itof*  _ 
^||j|ff|i  ]^p^  ebarlsr  on  the  drawinei,  ia  to  p9lBaS$i$ 

iQ)  and  down  etceam  without  int^efiliit  ^"^ 

er with MTicatioii.  ].   .r,.   > 

k  encroadhing  on  the  Eaat  bank  ai  tiM  m8^' ai^ 

(100)  M  idateipirdfir  i^ian  at  the  Seat  eitii;  ittid  hvMr 

leatiDg  on  pika  <MTen  to  bed-rod^    The  apana 

from  Weal  to  Eaat  are  aa  lolkywa:  Seven,  epen- 

ol  aboat  two  hundred  and  two  (202)  feel  eadit 

and  aevoilyHnz  (276)  feet,  one  open-webbed,  eit- 

^alMl  three  bundled  and  aoty-two  062)  feet,  and  one 

mi  about  one  hundred  and  one  (1^)  feet.    AH  pien 

the  piets  reating  on  pneumatic  oaiwHona  of  timber 

and  the  abutmenta  being  aui^xarted  on  pflea  driven  to 


thetiver 


jfi 


^">M*?? 


fJtf^ia»ki 


[Bed'Eai^  Chute  we  have  adopted  the  centre  line  of  the 
line  ol  fandge,  and  have  counted  upon  retaining  the 
ol  them  provea  that  they  are  either  in  satia- 
audiy  building  a  new  concrete  pier  oa  pilea  mid- 
lemoving  the  exiating  qMma,  and  putting  in  half- 
We  have  not  figured  on  doing  anything  to  the 
abridge,  Uxr  the  reaaon  that  we  have  not  yet  exam- 
iJbeibat  we  ehall  adviae  building  a  short  span  at  each 
^)lll)«tment,  but  our  eatimate  doea  not  contain  an  allow- 

.we  have  jomed  the  line  of  the  new  bridge  to  the 


M'^y'^:- 


^^^*^^  .■■ 


■^CT-.":  '\ 


:-n:^'^ 


-•^  ■  '^  ■,    ^^I^Js'lW  J-J^--- _ ^r-T;.  i^iri-'iJ!r^ -^r^"^""^  ,TTTJ-»!r|t|  .V.  -.^w-jBj^-j 

iitlia:^  JiitriiiliM  df  IHJ  rotik  wMdl  "rt  llilglt^k        

.  ^iiii)  iiMiiHatnliii  m  tiifl  hid  focir  iifj  ttuB-iBitin^ft' ' 
^    jjcirtj^^   Un^  i0  ■oom  M  cNff  Mr.  Malor 

-- 'lilW'^iPaqMB  Of  COii.     W9  OO  II0%|  BOPOVHy 

'  Huniimduw d  Main  BfidtfOb'*-.'* .  .^^^^v.  •«y.4^i,j<v--^-' 
(Mhrtnifliuro  of  R*  E»  C3iii|6  Bridci*  #  •  •  *  <  #  ^«  «-»'»^ 
EmlMiikmait,  4,000 Sn.  ft.  at  tlO^.. . . . .  t * .>4"  " 

Small  bridge  m  Eart  ApproMli. .......... . .  H .  *.  • .  •.«^:^^ 

DiairRaat ..............VyVv^  *^ 

Eemoving  tivo  old  pirn \!..;.'ii!;I^tf^ 

TCMiTWMwiiiir  ¥k  iMv  OOlt. ...».>..... 

Qiiiid  lotal  ooafc  fif 

'^  Wa  bave  aMamed  that  the  remond  of  the  old  iimni  -^^'^ 
ailvags  will  at  kaat  offint  the  eost.    If,  thoa^  aa  ira  i 
b|i  WRNii^i  iron,  its  yahie  will  be  greater  than  the  ooafc  if 

^'TVuatiiig  that  thia  rqxirt  will  meet  with  your  — ^— -*' 

Very 

"w:  _    

A  month  later  the  seocmd  report  previoitfi^    ^ 
Mr.  Blank.    It  reads  thus:  / .;  Wi 

"On  the  18th  ult.  we  sent  yon  a  preliminaiy  eatinhatevl 
over  the  Miimehaha  River  at  Carlabad,  baaed  on  the  eld       ^ '  '^ 
tral  Bridge  Company  and  upon  the  anumplion  that  Ihei 
was  a  fit  foundation  for  pneumatic  caiiwona.    Again, 
the  site  with  the  idea  in  mind  of  rebuilding  the  bridge^  we 
lengths  of  both  the  main  structure  and  the  bridge  over 
theie  acoounta,  as  stated  in  our  report,  the  estimales  "     "''     '^ 
to  revision  after  borings  and  other  investigatioQS  wwa 

"As  you  know,  Mr.  Major  has  for  some  time  been      '  *  ^'^^ 
28th  ult.  Dr.  WaddeU  visited  the  site  and  studied  the        ^^^^ 
of  Mr.  Major's  borings  up  to  date  show  that  near  the  ** 
pan"  oonfdsta  of  a  layer  of  blue  clay  or  gumbo  three  (8)  IM 
it  is  harder  and  about  fourteen  (14)  feet  thick,  and  that  it''^  ^ 
there  is  no  clay  at  all.    Bekyw  the  clay  on  the  East 
sand,  then  a  layer  of  firm  sand,  foUowed  by  sand  and 
had  to  abandon  the  idea  of  using  the  pneumatie  ptoec(l|{  '^^' 
and  have  adopted  instead  foundations  of  long  i^Ies  aiBil^ 
some  twdve  (12)  feet  up  into  timber  shells  filled  wHh 
being  placed  two  (2)  feet  below  low  water  level.    In 
bar  of  piks,  these  shells  or  boxes  have  to  be  made 

-    L 
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malic  caissons  previously  figured  upon.  Thus  both  the  increase  of  vohune  and  the 
pike  in  the  foundations  augment  the  cost  of  the  piers. 

*' Again,  we  have  had  to  figure  on  going  seventy  (70)  feot  below  low  water  with 
the  caisson  of  the  pivot  pier  instead  of  only  about  twenty  (20)  foet,  as  we  did  in  the 
preliminary  estimate. 

''The  result  of  Dr.  Waddell's  visit  to  the  site  caused  us  to  lengthen  the  main  bridge 
about  one  himdred  ClOO)  feet  and  the  Red  Eagle  Chute  structure  about  four  himdred 
(400)  feet,  provided  that  both  bridges  and  the  approaches  are  made  permanent  in 
character  throughout  by  replacing  all  wooden  trestle  with  earth  embankment  and 
thus  closing  all  the  little  openings  on  the  island  and  on  both  banks,  which  openings 
DOW  permit  the  passage  of  water  during  the  flood  stages. 

''All  the  preceding  modifications  have  increased  the  cost  over  that  in  our  pre- 
liminary estimate;  but  we  were  fortunately  able  to  make  one  change  that  reduced 
the  cost  over  sixty  thousand  dollars  ($60,000.00),  vis.,  by  raising  the  grade  of  the  Red 
Eagle  C^ute  Bridge  and  adopting  sixty-six  (06)  foot  deck  instead  of  one  hundred  and 
one  (101)  foot  half-through  plate-girder  spans. 

"The  following  is  our  revised  estimate  of  cost  of  a  single  track  bridge,  coimting 
from  the  abutment  on  the  East  shore  to  the  abutment  on  the  mainland  of  the  West 
shore,  and  including  the  earth  embankment  over  the  island,  as  well  as  a  small  span 
in  the  East  approach. 

Superstructure  of  Main  Bridge,  including  Operating  Machin- 
ery and  House $342,000.00 

Superstructure  of  Red  Eagle  Chute  Bridge 58,500.00 

Substructure  of  Main  Bridge 171,000.00 

Substructure  of  R.  E.  Chute  Bridge 54,500.00 

Embankment 31,000.00 

Small  bridge  in  East  Approach 13,000.00 

Draw  Protection 10,000.00 

Removing  two  old  piers, 7,000.00 

Summation  =  $687,000.00 
Engineering  5  per  cent 35,000.00 

Grand  total  cost  of  structure  =  $722,000.00 

"This  shows  an  increase  over  our  preliminary  estimate  amounting  to  $72,000.00, 
which  is  not  excessive,  considering  the  facts  that  we  have  had  to  adopt  more  expensive 
foundations  and  that  we  have  increased  the  total  length  of  bridge  about  five  hundred 
(500)  feet. 

"During  your  interview  with  Dr.  Waddell  on  the  evening  of  the  29th  ult.  you 
requested  us  to  make  for  you  some  estimates  of  cost  of  the  proposed  new  bridge  on  the 
basis  of  building  the  piers  for  future  double-tracking.  In  compliance  with  that  re- 
quest, we  have  made  an  exhaustive  study  of  all  the  practicable  methods  of  building 
at  first  a  single-track  superstructure  and  later  substituting  for  it  a  double-track  super- 
structure. 

"We  consider  it  exceedingly  bad  practice  to  load  eccentrically  any  more  than  can 
be  avoided  bridge  piers  that  rest  on  pile  foundations;  therefore  we  have  figured  on 
first  placing  the  single-track  spans  symmetrically  on  their  supports,  then  moving  them 
laterally  when  the  capacity  of  the  bridge  is  doubled. 

"The  following  is  a  list  of  what  we  deem  to  be  all  the  practicable  methods  of  build- 
mg  the  structure  first  for  a  single  line  of  railway  and  afterward  enlarging  it  for  a  double 
line. 

Method  No.  1.  Build  the  piers  long  enough  now  to  carry  two  single-track  super- 
structures spaced  as  closely  as  possible,  with  a  single-track  swing-span  that  has  to  be 
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removed  entirely  in  the  future  and  replaced  by  a  double-track  swing-span.  Hiis 
method  would  be  necessitated  by  the  inability  to  stop  all  river  traffic  long  enough 
to  put  longitudinal  falsework  imder  the  c^d  span,  take  down  the  said  draw,  erect  the 
new  swing-span,  and  remove  the  falsework.  In  your  case  you  generally  can  count 
upon  just  sufficient  time  to  do  all  this,  but  in  certain  seascms  the  ice  does  not  form 
enough  to  stop  the  steamboat  traffic. 

"  Method  No,  2.  Build  the  piers  long  enou^^  now  to  carry  two  single-trade  super- 
structures, with  a  double-track  draw-span  oi  the  requisite  extra  width,  but  omit  tem- 
porarily the  two  outer  rows  of  stringers. 

'^This  method  is  also  suited  to  the  conditions  menticmed  for  the  first  case. 

**  Method  No.  3.  Build  thej>iers  long  enouf^  now  to  carry  two  single-trade  super- 
structures, and  arrange  to  move  the  single-track  draw-span  to  one  side  on  the  drum 
and  to  build  a  duplicate  thereof  beside  it.  This  method  could  not  be  adopted  unless 
the  steamboat  traffic  were  stopped. 

"Method  No.  4.  Build  the  piers  long  enough  now  to  carry  two  single-track  super- 
structures, and  construct  the  draw-span  according  to  Waddell's  patented  method  of 
transforming  single-track  spans  into  double-track  spans.  This  method,  which  will  be 
explained  fully  later,  will  not  interfere  at  all  with  river  navigaticm. 

**  Method  No,  5.  Build  piers  nearly  but  not  quite  as  long  as  in  the  preceding  cases 
and  the  entire  superstructure  according  to  Waddell's  method  just  mentioned.  The 
erection  of  this  type  of  structure  would  not  interfere  with  navigation. 

''Waddell's  patented  method  consists  in  spacing  all  the  stringers  equidistant,  leav- 
ing out  temporarily  the  two  outer  lines  of  stringers  and  arranging  to  swing  them  easily 
into  place  afterward,  building  the  floor-beams  for  the  double-track  loading,  designing 
the  trusses  for  single-track  loading,  and  arranging  to  place  outside  of  them  in  the  future 
duplicate  trusses  connected  to  the  old  ones  very  rigidly  by  diaphragms.  Hie  new 
trusses  would  be  erected  without  falsework  by  a  small  overiiead  traveller  and  by  needle- 
beams  suspended  beneath  the  floor-beams,  and  they  would  carry  their  correct  share 
of  the  load  when  properly  connected  to  the  old  ones. 

''The  foUowing  are  our  estimates  of  cost  of  the  structure  over  the  main  channel 
only,  exclusive  of  the  engineering,  by  each  of  the  five  suggested  methods  of  constructi<m. 

Method  No.  1 

Original  Cost  Final  Cost 

Superstructure $342,000.00  $759,000.00 

Substructure 322,000.00  322,000.00 


Total  = $664,000.00  $1,081,000.00 

Method  No.  2 

Original  Cost  Final  Cost 

Superstructure $409,000.00  $657,000.00 

Substructure 322,000.00  322,000.00 


Total  = $731,000.00  $979,000.00 

Method  No.  3 

Original  Cost  Final  CoH 

Superstructure $342,000.00  $702,000.00 

Substructure 322,000.00  322,000.00 


Total  = $664,000.00  $1,024,000.00 
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Method  No.  4 

Original  Cost  Final  Cost 

Superstructure (361,000.00  1664,000.00 

Substructure 322,000.00  322,000.00 

Total  » 9683,000.00  9986,000.00 

Method  No.  5 

Original  Cost  Final  Cost 

Superstructure $377,000.00  $605,000.00 

Substructure 308,000.00  308,000.00 

Total  = $685,000.00  $913,000.00 

'*If  the  structure  be  built  originally  for  double  track,  the  cost  would  be  as  follows: 


Method  No.  6 

Superstructure $566,000.00 

Substructure 297,000.00 

Total  - $863,000.00 

"  Let  us  compare  these  methods  so  as  to  determine  which  is  the  best. 

"If  we  assume  that  the  rate  of  interest  is  five  (5)  per  cent  compounded,  the  follow- 
ing table  will  give  the  true  total  cost  of  structure  after  it  has  been  rebuilt  for  double 
track  at  the  expiration  of  certain  terms  of  years. 


MetJiod 

Total  Cost  in  Thousands  op  Dollabs  op  Doublb-Track  Structubb  Aftbi 

6Yw. 

10  y™. 

16  Yw. 

20  y™. 

25  Yw. 

80  Yn. 

85  Yn. 

40Yra. 

No.  1 

No.  2 

1,264 
1,181 
1,207 
1,174 
1,102 
1,101 

1,499 
1,439 
1,442 
1,416 
1,344 
1,406 

1,797 
1,768 
1,740 
1,722 
1,652 
1,794 

2,178 
2,187 
2,122 
2,125 
2,045 
2,290 

2,665 
2,723 
2,608 
2,616 
2,547 
2,922 

3,287 
3,407 
3,230 
3,255 
3,188 
3,729 

4,080 
4,281 
4,023 
4,071 
4,007 
4,761 

5,072 
5,372 
5,014 
5,091 
5,030 
5,050 

No.  3 

No.  4 

No.  6 

"From  this  table  it  will  be  seen  that  at  the  end  of  five  years  it  is  a  stand-ofiF  be- 
tween Nos.  5  and  6;  that  for  ten,  fifteen,  twenty,  twenty-five,  thirty,  and  thirty-five 
years  No.  5  is  the  most  economical  method,  and  that  after  about  thirty-eight  years 
No.  3  is  the  most  economic.  Or,  in  other  words,  at  the  end  of  five  (5)  years  the  cost 
of  the  double-track  bridge  and  that  of  Waddell's  special  structure  are  the  same,  from 
five  (5)  to  about  thirty-eight  (38)  years  the  special  structure  is  the  most  economic  of 
all,  and  after  thirty-eight  (38)  years  the  method  of  duplicating  the  spans  throughout  is 
best.  As  there  is  practically  no  chance  of  there  being  any  necessity  for  double-tracking 
during  the  first  five  years,  and  as  the  call  for  greater  capacity  will  in  all  probability 
come  before  thirty-eight  years,  it  is  evident  that  Waddell's  special  structure  is  the 
best  one  to  adopt. 

"Assuming  this  to  be  the  case,  the  foUowing  table  gives  our  estimates  of  total  cost 
for  the  various  cases  that  you  will  probably  consider. 

"There  is  another  possibility  that  we  have- not  yet  considered,  viz.,  that  when 
greater  capacity  is  required,  it  might  be  more  economical  to  build  another  single-track 
bridge  either  above  or  below  the  old  one  and  as  close  to  it  as  the  War  Department  and 
the  exiwting  conditions  will  permit.    The  least  allowable  distance  between  bridges  is,  ac- 
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wijiiig ta law ona f hfrd d •  imle.    Thmanlwd 
octnk  oQfll  iif  tho  rin|jk»ii>ick  endMynkiiMot  botwup  tini 
old  liMii  whieb  we  miy  aimimft  to  be  abool  ooo'lmiy 

woyU  be  flboM  fi»y  tiioiiniid  €b^ 

^'UpoQ  tbm  aaaiDptioos  we  haiw  figoied  tibie  told  e^  if 
eepaoity  te  tiaffie  at  diif eient  periods,  and  ba^e 
table.  ,^. 

•:>  »*yf  ^MfO^ 
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Double  Track.... 
Waddell's  Patent- 
ed StruGtuze. . . 
Two  Structures. . 


ToiAL  Cor  in  VmoauMim  m  Dqu«im  ij|||f 
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6Tn. 


1,547 

1,529 
1,795 


10  Tn. 


1,974 

1,805 
2,048 


16  Tn. 


2,520 

2,293 
2,373 


8,216 

2^41 
2,787 
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"From  this  table  it  is  evident  tbat  under  no  eai|3Mopi 
economical  to  build  a  double-track  structure  at  prawnt,  uidttpi 
plainly  in  sight;  and  that  for  seventeen  (17)  yean  the  speoUt 
be  most  economical,  after  which  two  separate  straotlifei 
that  there  be  a  good  and  suitable  location  within  a  mile  of  IW 

"In  case  that  you  adopt  the  special  type  of  eomtoaetiflA 
for  you,  there  would  be  no  charge  for  royalty  on  aooouttt  dT 

"AHhouc^  our  Mr.  Major  has  not  yet  (miifced 
so  far  obtained  are  sufficient  to  assure  us  that  his  Suuipltoi' 
modify  the  above  estimates  of  cost  of  foundationfl,    And 
not  final,  they  will,  we  trust,  enable  you  to  reach  a  eoiMiiiiiiili 
ing  the  t3rpe  of  structure  to  build,  an  end  which  the  oondjifal^ 
in  our  opinion,  renders  urgently  desirable.  *  **^  4 

"You  asked  Dr.  Waddell  what  are  the  probable  anMNml|<l| 
have  to  spend  from  month  to  month  on  your  proposed 
work  of  construction  be  pushed  as  rapidly  as  practkaM^ 
made  computations  from  which  we  reach  the  following 

"Assuming  that  on  January  first  you  give  us  an  oidef^ 
tion  of  plans  and  specifications  and  to  call  for  bids  aa 
pay  for  a  single-track  structure  would  be  xequiied  in 
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^miil^r'^iV^''        Tm.U... «    80,099 

^^Mii:<^-"i(^^mi^'      im.u..... mjm 

.^.^^"■^L^Wt'lSfiiWl  Mar.81 7,000    "<c.;^; 

^-V«^^     r  Totol- tTZ^Xn 

•apt  taide  (n  the  ftnl  of  6mIi  sMMiftli  mm!  tkai  tticmw^' 

'OuiiiMrtMt  ies.  wludhu  accofding  to  ^n^ntk.  jjm  Am  ittiatt 

^  lipffflftMrtilfWMi.  the  raoieiiidcr  homt  mU  niaiiittSi^^ii^ 

loir  eodstnielioii.    llie  May/ Jaii^  «Ml  1^ 

'QB|f.    now  lor  Augiiot,  BtptendMr,  and  OtUbmlm 

Hfi  MqMMlinietlse  molel  at  nte^  aa  wdl  lui  pobalnaeluia  iiiik 

^«|#MKBli«ni  irff  the  i^a^   Thm  JnaiiMy  fiipm  mhi^ 

«^l|p  (IQ)  P9P  ce^t    The  Maioh  estimate  k  f qr  the  nniflifd  ^ 

^11^  wuiot  1^  done  until  altar  the  neir  Btfuetofe  k  in  opia# 

^  ,^^,^.^   ]»§  afe  iiken  donm.    We  have  made  no  albwaiiee  lor  "^ 

wi  ifj^i^^  ai  this  woold  be  mora  than  oUni  bgr  the  vahie  of  At 

•  ►-  -^^  - . '.  - 

""^         *"  lot  a  aini^  tiraA  atnictuie  on  doidbie  t|nflk  pki^ 

tb  the  patented  metiiod  aie  aa  foflowi: 

i^mn^^i^  ^...  M#,000  Oet.  15 8304^000 

V.^>4.»;    4^,000  NOVEL'S 120,000 

U¥^ *^P^v. . .    ^lOOO  •        Deo.l5 34,000 

^^^;;^.,..,..    64,000  Jan.  15 66,000 

^^iiv;...  148,000  Mar.31 9,000 

Jpgi^^^dr«it  «'*«»<•>    Ifl^OOO  — 

y^r  Total* 8843,000 

Li«^     V  f^^  ringle  trade  bridge  on  double  trade  pkre,  widi  the 
tiimAog  to  the  patented  nietfaod  axe  aa  f^^ 

' ^jijf'^'^'-f^^^ a^ « • «  840,000  Oct.  15 .••••• 206,000 

■    ;^ii....    ilflOO  Nov.  15 118,000 

UU^.    41,000  Dec.  15 35,000 

ifi^i^^^*  MJKO  Jan.  15 68,000 

^^.tr*»  tl^fiOO  lilar.31 9,000 

.^...^184,000  

t^     «  Total- 8952,000 

fimt  aa  the  beet  time  to  start  your  oonatruction,  for 

yciia  would  be  able  to  complete  the  new  bridge  in  twelve 

IliHrl  at  an  unfavorable  time,  it  might  require  a  little  kmger. 

^ '  win  make  dear  to  you  evearything  in  connection  with 

'^'^  biH  if  you  deaiie  any  further  explanations  or  investi- 

,w  niniidi  them. 

fi  '  V  "V«y  respectfuHr  yours, 

1  *  ^  -  ■  ■ 


■*Tfv^ 


>,  ^Vv 


wm 


i^^.. 


Sf**;-^PH^,;:*^'- 


.  ,•  1-.  .  >  -  ■r 


VieiDd  <aai't»- ba^i«W  <«4>»ttNiiiMi  lajj 
to  tiiA  loHwring  pMartatoi  o|  ittwir^ 
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nMoM  hOb  win  be  paid  mm!  that  than  will  be  no  Mm 
tiiie.   tteklKiUbQrtytoiiialnvwicmiioli^^ 
oat  ftiel'  obtaiiiiiig  the  oooeait  of  tbe  ooQtraoiori  ibd  ho  H 
eoolneldr  «t  woric  on  the  Job  as  eoon  m  the  yM^^  fSeel 
out  waking  for  all  detail  plana  to  b^  eomplet^,  • 

"If  thfice  is  any  uncertainty  about  the  nataiaol'tiie 
the  eoEtent  of  poesible  difficiittiea  and  delaja,  iff  llfl^  4|ita1ii: 
tractor  of  eiqxsrience  will  make  a  bid  on  the  woriL  withool 
In  this  way  the  owner  has  to  pay  a  larfp  sum  for'tlif 
and  he  mif^t  aa  well  take  some  of  thoae  xidoi  hkoaoji^ 
of  woric  some  bidder  may  careleealy  omit  or  oveilook  abni 
up  hia  estimate  of  cost,  and  thus  get  the  woric  awttded  to  htei 
cost.    It  is  better  for  tiie  owner  to  pay  wliat  a  job  Ib 
tractor  is  losing  mxmey,  either  from  his  own  misfjIwMi,  i 
his  bid,  or  from  difficulties  that  could  hardly  have  been 
nature  for  him  to  endeavor  to  get  even  in  Boqae  Wi^i  md 
will  suffer  in  consequence,  despite  great  care  and 
gineer.    And  it  is  difficult  for  the  average  engineer,  whea 
Ptruggling  with  an  unprofitable  job,  to  harden  his  heart  tui 
all  the  nicety  of  construction  that  he  would  exact  if  he  bioir 
money  on  the  work. 

"With  the  percentage  method  the  owner  is  at  libertgr 
or  as  cheap  as  he  pleases.    He  should  have  his  own 
accounts,  and  he  should  be  careful  to  select  the  rii^t 
honorable  and  capable  men  among  contractors  who 
terests  of  their  employers,  if  given  a  contract  on  the 
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The  author  acknowledges  that  there  are 
the  method  of  letting  work  at  cost  plus  a 
sum,  or  even  the  method  known  as  "  day  hlbot^ 
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}ii(  JoMfifiy  lot  be  Iiw  d0ii6  floiM  *y>*P^M  of  ild^tail 
lor  adnddrtratiioii;  aad^  altliaiii^.  Jtti  «op^ 
iMKliI  4qkoii9  of  dotoi^tlie  wcric  6iipedyUI(iiiri3f  >itt^ 

mitiegr  ymsid  bk^doM  under  tlieiiw^ 
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Jbcifife  oooatriifltiofi  eeoiio^uo^^ 
ift.'^lMttii.  as  aasT  raiboad  eomiMtfiv  whirfi  hae  tried 
to  Biake  the  dagrrlabor  method  pay  eMB 
biidfe  mamtenanoe  and  lepaiiSy  and  wheft 
^MSwagr  aianagera  fiod  that  it  is  eoonxMSiieal  to  ooeh 
Il«9der8»  even  if  it  ahoiiki  become  neoeaBary  to  do 

Ij^  author  bad  oocaaon  to  call  for  bids  for  the  iflb- 
unaflhineiy  to  operate  one  ot  his  old  awing 
rHaluisr  ymts  been  turned  by  man-power.    The  iumr 
^ihail  bB  advised  his  client  to  do  the  work  by  day* 
#Klt  the  actual  ooet  exceeded  that  of  the  highest 
^pspe  wcMrk  became  necessary  as  the  installation 
have  occurred  under  any  conditions;  never- 
lltlWd  throuc^  this  experience  of  the  futility  of 
rlsdNksiog  repair  work  to  bridges  by  the  day-labor 
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b  done  in  a  foreign  countiy,  it  may  be  found 
jHliiet  plus  a  percentage  plan,  but  there  should  be 
total  profit;  and,  in  fact,  it  would  be  better 
after  certain  previously  determined  total 
have  been  exceeded,  making  it  disadvan- 
of  construction  be  excessive. 
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lUigl^  the  prindpal  wffl  hi^  gpeol 

inmd;  wfaOei  on  tto 
liiiaM  to  ha^  been  toor  kNri  Jtar 
Mflue  undfir  audi  ciiMiBillMii 
t^  prinoipal  wieh  thttt  tlie  wiiAMMit'  fiiid 
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f^  Ttee  k  ft  method  of  lettiag  eonfam^^ 
lir.  (X  F.  Gtaff,  Pkeddent  of  the  CktiS  Cmmii^di^ 
Wak^iAdA  18  f«r  more  sa&faetoiy  thiii  tia#4# 
W  thftt  of  cost  1^118  a  lump  mm.    It  eooriete  te 
iimijHR^  eacpeiidituie  to  the  dient  for  the  #dri^^|i| 
cioiitraetor^e  pit^  will  be  dtiier  mo  or  a  msoMl 
as  poflrible  actual  ooste  a  numbor  <rf  other  iooMI^ 
|iig  some  with  a  regularly  augumenting  alwiwig 
ity  be  added  for  contractor'B  profiti  the  latter 
di^it  and  the  contractor  will  share  1^  another 
betWera  the  greatest  poesbte  price  and  the  ae^bi|l| 
iaViiiig  the  larger  the  p^noentage  thereof  to  go  ii[ 
OMAeixd  methods  of  lump  sum  and  unit  pidm^ 
iio  better,  fairer,  or  more  is^ystonatically  a^QufljIid^ 
tafacts  than  the  preceding.    The  client  is  pfoteeittl 
dessive  ^expenditure,  and  the  contractor  is  ghM 
tive  for  keeping  the  cost  down  to  the  lowest 
without  saying  that  the  client  has  the  privilege  of 
accounts,  or  even  of  keeping  a  combined  i 
work  from  start  to  finish  so  as  to  see  that  all 
materials  are  bona  fide  and  that  all  the  cOi 
oughly  and  economically.    In  view  of  the  ini] 
scheme  for  letting  contracts,  and  because  the 
may  not  be  perfectly  clear  to  every  reader,  the 
illustrate  it  by  an  actual  example  taken  from  Mlf^ 
let  him  explain  in  his  own'  words  the 
method. 

In  May,  1912,  Mr.  Grafif  made  a  written 
Council  of  Victoria,  B.  C,  for  the  construction  of 
from  a  published  copy  of  which  the  cost  and 
and  the  appended  extracts  have  been  taken: 
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"The  total  expense  to  the  city  is  thus 
said  guarantee  to  be  covered  by  a  satisfactory  suieCy 
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lS5i000 
I85J0O 


t,460|M0 

l,4ai,70Q 

1,417,000 
1^,800 
1,401,700 
1,898,300 
1,384,800 
1,876,000 
MOMOO 
1,858,200 


Cnf%^mm'^ 


0 
5,700 
11,800 
18,800 
25,200 
82,500 
40,200 
48,800 
58,800 
66,700 
75,000 
8^700 
04,800 
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#^pR9Qillii»  to.  tlie  honqnble  w»ter  oonuniariaiMr  on  a  M^ 
itefd  bMM,  whi^  beoQDMi  automaticaUy  eoooomical  firaiii 
SB  mil  as  oliz8dv«B  as  irninngmg  ooDtneton  for  flio 
ooifc  of  tin  woric  is  reduced  the  peroenUifse  of  ptofit  it 
ottil^ii  InianMed  the  peroeatife  of  profit  is  reduoed  un^  wbea 
ia|d  QMBBiiip,  tlieee  pfofits  beoomo  lero,  and  we  guanuiteo 
jNl  ^  e&lgr,  iocludiiig  fdant,  pfofite,  and  all  chazgeB  of  everjf 
I,  enoeed  this  fiaoed  mftximum,  and  this  guarantee  is  to 
mkfty  bond  to  protect  the  dty. ..  .  . 
the  attention  of  the  council  to  the  fact  that  unkas  some 
OUffiiMd  l^  us  18  resorted  to,  there  is  no  aeBurance,  so  far  as 
iir.toKivhat  the  ultimate  cost  of  the  work  will  be,  whereas  by 
every  incentive  for  the  managing  oontractOT  to  keep  the 
abiohit^  eeaential  that  he  do  so,  or  his  efforts  will  all  be 
eondider,  and  ao  will  eveiy  aane  businesB  man,  that  for  the 
fins  a  percentage  or  fixed  aum  profit  agreement  without 
"doit  would  be  ruinous;  that  even  with  such  a  guaran- 
li  not  the  incentive  to  keep  down  the  expense  of  the 
nangement  we  propose.    Our  offer  is  a  straight  busineas 
whole  responsibility  of  aound,  economic,  and  adentific 
iMUy  iqpon  the  ahoukiers  dt  the  contracting  manager  equally 
^''^■'^Hng  the  woric  (HI  a  straight  contract;  and  at  the  same 
^tte  iMMieaiiiy  of  completing  the  work  cm  a  cost  basis,  which 
rjpioeedaie  oxyw  open  to  the  city  in  view  of  existing  condi* 
jmAf  is  the  city  absolutely  sure  of  its  position  as  to  the 
,  but  if,  as  the  work  progresses,  it  proves  to  be  a 
k  leas  than  the  general  judgment  now  seems  to  indi- 
^^"wiD  reap  the  benefit,    .^so,  although  as  pointed  out 
.ticaUy  ensures  economy,  we  would  suggest  that 
method  of  diecking  the  pay-roU  and  the  eacgen^xo^ 
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m^d'mhuAtm  nalcL  idQd  ttfOhr  liiBtl0DliJl 
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jiifetete^  waiter  ind  make  Mttitt'ld^ 
iVQ  a^  qf%  on  tiio  0QB4tfpMii 

aop  ai  xwKiiiable  niei  for  iii| 

i^  1^  the  moiiqr  so  ohaiged  goes  to  ^ 
fi^fp&Af  adjusted  to  the  different  fXtmm  iM 
l^mr  iB  ocxrrect^  kept.    Beddes  aU  ^iMr^itf 
pma^  the  records  of  work  done  will  be  mi 
leeome  to  keep.    In  shorty  the  work  that  Aba 
do  und^  the  method  of  administmtkm  k 
Inlities  are  increased  greatly  as  oompaiod  *wi||t 
usual  method.    On  this  account,  as  ejqilrfned 
they  should  receive  increased  comp^isaticm 
construction  is  done  by  administration. 
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iiil^midm  Wlin  a  bcMird  of  «tliy^    t^ 

jti^iiiiio^  of  the  eaiifaiteiaMF 

thtt/dbitfiii,  tlie  deeWte  readbed  k  looie  fiffd^ 
tlittl  Miv^  M  by  eiAer  judge  cm-  jmy;  iMKi^ ; 
irtr^iiii  inlo^  %  liidr  Ufa's  irark  to  ccniflider  j«i^     : 
ai  iilniiiMvofq^  of  tfaiB  kw      Monxyirev,  tivBr    ; 

twfiot  bdfig  tlie  best  that  saa  h^tmdmk^ 
[^^aiMliii  ttdneers  ahnost  invariably  ooottlder  tlMii^  ' 
^  #lr  lif  sqfdlgr  and  fustioe  and  not  from  Urnit  dt'iim 
'  ti|i^  am  f^tffor  the  law  is  irften  Ude4Kyiaid  i^ 
iili.  liidiBBS  too  often  ding  dosely  to  preeedeol  ail4^ 
Ik#^  iihdiing  indiv^^  r^ts  and  die  calk  of  ^ 
itolM  wdl  fitted  to  act  as  arUtraton  on  eoglneeri^^ 
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of  arbitration  with  which  a  bridge  engineer  Is 
^^^Iha  first  and  most  common  is  the  adjustment  of 
ftttSl  settlement  for  a  construction  contract.    The 
of  what  proportion  of  the  total  *cost  of  a 
^ll^^^osed  or  oompkted,  each  of  two  or  more  interested 

tarDy,  the  adjustment  of  a  final  settlement 

liftir  both  rides  have  stated  their  claims  and  points 

iiliiie  of  equity  does  not  indicate  clearly  the  correct 

is  resorted  to,  and  a  decirion  is  soon  reached. 

of  what  each  one  of  several  joint  owners  or  users 

^^^eitetribute  to  its  cost  is  no  simple  affair.    It  involves 

Questions  that  sometimes  appear  ahnost  incapable 
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author's  practice  will  illustrate  this  complexity. 
iittd  retained  him  to  design  and  supervise  the 
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building  of  a  large  and  expensive  bridge  to  cany  wagon,  pedestrian,  and 
street  railway  traflSc;  and  the  street  railway  company  was  to  contribute 
its  proper  share  of  the  expense  of  construction.  The  city  officials  thou^t 
that  the  railway  company  ought  to  stand  one-third  of  the  cost,  while  the 
latter  deemed  that  twenty  (20)  per  cent  ought  to  suffice;  consequently 
the  decision  was  left  to  the  author  to  arbitrate,  and  his  findings  were  to 
be  adopted  as  final.  The  conditions  of  construcition  were  in  a  way  pecu- 
liar, for  the  cost  of  most  of  the  substructure  would  not  be  increased  by 
widening  the  superstructure  to  carry  the  double-track  railway.  The  rea- 
son for  this  was  that  the  bridge  was  in  the  nature  of  a  highway  trestle 
or  elevated  railroad  across  rather  shallow  tidewater,  and  the  smallest 
pedestals  that  good  practice  would  sanction  had  an  excess  of  canying 
capacity.  The  extra  cost  to  the  city,  therefore,  lay  mainly  in  the  wider 
superstructure.  The  company  claimed  that  as  the  city  intended  to  pave 
the  railway  space  so  as  to  permit  driving  over  it,  thus  nearly  doubling 
the  width  of  wagonway,  the  city  ought  to  share  the  expense  for  the 
increased  width  of  structure.  To  this  the  city  officials  replied  that 
they  really  did  not  need  the  extra  space,  but  would  utilize  it  if  put  on; 
and  that  the  company  ought  to  share  in  the  expense  of  the  substructure. 
There  was  also  a  further  complication  involved  in  the  swing  span.  The 
author  decided  that  the  benefit  the  city  would  receive  from  the  extra 
width  of  roadway  would  be  offset  by  the  free  use  by  the  company  of  the 
substructure,  and  that  the  company's  fair  share  of  the  expense  would 
be  the  difference  in  cost  between  the  combined  structure  and  the  one 
without  provision  for  the  railway.  Then  he  made  a  complete  detailed 
estimate  of  cost  for  each  case  and  foimd  that  the  difference  amoimted 
almost  exactly  to  twenty-five  (25)  per  cent  of  the  total  cost  of  the  com- 
bined structure,  and  reported  accordingly.  The  decision  appeared  to 
satisfy  both  parties,  and  the  controversy  was  adjusted  in  conformity 
therewith. 

When  a  case  of  arbitration  is  left  to  a  single  engineer,  he  is  put  in  a 
rather  awkward  predicament,  while  at  the  same  time  the  appointment 
is  of  a  highly  complimentary  nature.  In  such  a  case  the  arbitrator's  fee 
should  be  equally  paid  by  the  two  contestants,  in  order  that  he  may  not 
be  hampered  in  any  way  by  any  false  notions  of  loyalty  to  either  client. 
The  author  once  conducted  a  case  of  this  kind,  in  which  an  expensive  pro- 
jected city  bridge  had  its  estimated  cost  increased  by  a  railway  company 
which  desired  to  put  its  tracks  beneath  the  city's  structure.  The  city 
engineer  and  the  chief  engineer  of  the  railway  company  had  agreed  upon 
the  extra  quantities  of  materials,  but  they  disagreed  about  the  unit  values. 
As  both  parties  were  clients  of  the  arbitrator,  he  was  placed  in  a  most 
uncomfortable  position,  nevertheless  he  managed  to  satisfy  both  of  them. 
He  handled  the  matter  in  this  way: 

The  three  engineers  met  at  an  informal  luncheon  with  the  intention 
of  attending  to  the  business  immediately  afterward.     The  arbitrator  ex- 
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i^  to  fet  tlie  two  into  an  agreemeiit,  and^  if 
Hio  BQAtlir  for  thiBiiL  and  finalhr  would  ooniDate  #i# 
Ipt^mdi  item  and  sum  up.    He  warned  them  ^tui,  Imh 
^  |Mi  the  toe9  (tf  one  or  both  partiee— and  treid  has^ 
dafanad  a  dlffereuoe  of  $41,000,  and  the  railway  eacit^ 
9Ky|  eoimed  |30|000.    FoUowing  out  the  imgrainiiii^ 
tgr  mutual  agreement  ^rith  almoet  no  ooereicp 
mMboAcx,  and  tibe  exoeea  ooet  waa  found  to  aiaqount . 
kai  than  the  average  of  tibe  two  daima.    Both 
aatiafied,  and  the  arbitrator  breathed  a  deep  lri|^  of 
eonchided* 
between  the  parties  building  bridges  and  tfaefr 
^  qportions  at  issue  are  easily  dedded,  if  tfaej^eci- 

|||ilc  are  tharoui^  drawn;  althou^  occasionally  some 
^  aeiiae  of  equily  and  justice  must  govram  rather  than 
.to  tlie  kttor  of  tibe  specifications.  Eveiy  bridge  en* . 
ipopulHminded  enough  to  ignore  his  own  specifications 
&(tfiet  an  unforeseen  and  unjust  burden  upon  a  con* 
Haaehis  work  faithfully  and  weU  but  has  experienoed 
of  having  encountered  onerous  conditi<ms  that 
either  by  him  or  by  the  engineer.  Under  mah  sir- ' 
jgyipany^  engineer  acts  as  an  arbitratcnr  between  the 
4)imtri^^  but  if  eitlier  party  deems  itself  aggrieved 
I  lias  the  privilege  of  submitting  the  matter  to  ui  ar- 
jpaipmBi  one  chosen  by  leach  of  the  two  contestants  and 
1^  arbitrators  thus  selected.  The  decision  of  the  ma- 
luHbitrators  is  supposed  to  be  final,  and  is  nearly  al* 
either  contestant  has  the  right  to  carry  the 
and  this  is  done  on  rare  occasions.  The  result, 
that  the  court  supports  the  arbitrators;  and  this 
in  most  cases  the  said  arbitrators  have  acted 
liujgnient,  and,  as  they  are  trained  in  the  line  of 
are  usually  correct. 

before  inaugurating  an  arbitration  to  have 
Jbond  guaranteeing  that  he  will  abide  by  the  de- 
Then  if  he  is  dissatiEdSed  with  the  award,  he 
of  going  to  law;  but  to  avail  himself  of 
the  bond  which  he  has  put  up.  .  Such  an 
invariably  result  in  making  the  arbitration 
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M^poiMftfl^  nd  Uigli 
Mr#»^^^  il  was  ftppliadr  biif  ci  Uifer^ 

|iP«il^  litodahi  d^i^  ^^^^190^ 

jjwgjftrfiirfiiiy  8ti^  of  offainii  the  ieal»  guiuiiie  promofeit 
a  pill^  l)enje^^  in  that  he  labors  to  inaugilnte 
^  iMi  libtt^  to  the  oommmiity  in  g»Dfeirtii 

joi  jjMfrat  to  thdss  who  invest  thdr  savings  thiswC 
Haim  imld  be  biit  Bttle  progress,  and  the'  devit* 
|K^4  be  ektreniely  slow, 
is  the  inidividual  who  disoovem  the  neeesii^  # 
br  luriflii^  which  will  be  appreciated  hjr  the  pi^^ 
pieic^plr  idn  have  to  use  it  and  pay  adequate]^  ItNir 
the  ability  to  convinoe  others  of  the  soundnsM  df 
k  gifted  with  the  indefatigability  and  pluck  that 
up  the  fight,  no  matter  how  great  his  cfiscoiu^ 
itt^  (lind  there  are  indisputably  many  of  them  in  this 
'ilb  dass  which  is  making  America  great  amdng  nar 
tile  people  with  the  wonderful  conveniences 
Ms,  and  which  makes  existence  a  source  of  pleas- 
grievous  to  be  borne.    All  hail,  then,  to  the  true 
W  imasi  courage,  indefatigability,  sound  business 
^aad  may  his  days  be  long  in  the  land  1 
a  )t{|}l  tjrpe  of  salesmianship;  and  one  who  is  ex- 
would  find  it  to  his  advantage  to  study  thor- 

calling. 

iMromulgated  by  promoters  there  are  but  few 

"^MEOjeets;  for  bridges  are  a  great  boon  to  the 

Jiiierica  everybody  travels.    Moreover,  bridge 

of  profit  to  those  who  invest  their  money 
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.  JMiatriao  tefiffic. 
I^eiy  ofteoi  thouc^i  two  or  mpiekiiHle  ol 
ttMHe  fltmeturei  and  in  some  cases  a  aiiMde 
fyixt'  kinds.    Generally,  tbe  moie  kinds  of  ^ 
ter  tbe  enterprise  will  pay;  but  tbere  aie^  o^ 
role. 

Projects  for  steam  railway  bridces  are 
of  wealthy  men  who  see  tbe  necessity  for 
railroad  across  a  large  river  so  as  to  devdkip  a 
by  railways.    These  farHsighted  individuals 
before  investing  their  money  to  make  prpvipppjl 
of  years  with  certain  roads  to  use  their  brid||K  ifr 
ducing  the  risk  of  loss  to  a  minimum.    Sudi,  ai|. 
ways  be  made,  if  it  be  possiblci  in  the  inaiuvva^^i^^ 
enterprise. 

Electric  railway  bridge  projects  are  generally 
building  the  railways,  but  sometimes  they  arid  i 
enlerprises,  mainly  with  the  object  of  renting  ia 
the  privilege  of  using  the  structure.    In  some 
may  appear  quite  attractive  while  the  railway 
the  only  way  for  the  company  to  get  its  brkige 
separate  undertaking. 

Wagon  bridge  projects  are  evolved  in  i 
urgent  necessity  for  crossing  some  stream  and 
to  pay  fair  tolls  for  the  privilege.    Generally  i^  is 
or  city  to  build  such  a  bridge;  but  there  are 
sary  public  money  is  not  available  and  where  ffi 
cas^  the  building  of  the  structure  will  be  p 
venture,  especially  if  the  company  be  granted  ai 
the  river  within  certain  limits  for  a  certain  terni 
oly  is  often  difficult  to  obtain,  because  it  ib 
policy  of  open  competition;   neverthelesSi 
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b  ittittt  IttMrtittte  llie  iiUilB  IlKin  iiillil 
tediMibi  soiift  tiuil  tiiiir  rfiiftur  nf  fmiinhlili  it 
idle  bridge  begini  to  pa^f  foad  letiinis  oa  tte  ;i^^ 
i0i)mf$gif  WB^  moeeed  in  hai^  ilie  old  diMiii 
#i«ibifaif  ai^tlittr  to  bidU  s  jiT^ 
V  i^ppMeiit  that  lor  miuqr  Twm.  to  ooiae  theie  niB 
ilQBi  Urn  establifliiiiieiit  of  m  rival  faiidga  i»^Ml^ 
i^iifll  tiiat^^^  no  good  bridge  seheme^  is  iteiMl 

imitator  tiying  to  xaiae  the  monegr  to  Mid 
Sadb  aetjon  is  both  lodiah  and  repieheiMibhl»  for 
NMttb  attampt  is  sometiiiies  to  MU  both  pnijecta;  msA 
ii  Mt  withcMit  a  moelMieedod  means  for  tramvorb^ 
OHtocj^Mr  Si  the  wofid  more  timid  than  a  capitalist;  and 
matter  to  kill  a  meritoricNis  enterprise  by  starfc-^ 
ibe  neeessaiy  capital  is  secured;  and  when  onw 
Mjeeled  bgrbankers  <tf  good  standing,  it  is  exoee^iai^ 
4kM  to  revive  it  and  raise  the  requisite  funds  tost  its 
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pedestrian  tcdl-faridges  are  rather  rare,  because 

f4br  them  do  not  often  exist.    GeneiaUyy  if  there  is 

ilMeiotiBinodatifm  of  pedestrians,  there  is  also  a  need  for 

^fteionljr  fdaees  suitable  for  toll  structures  to  esny  foot 

jEjare  thosfe  where  wide,  de^  gorges  or  rivera  have 

^the  momy  is  not  available  fot  an  expensive  Inidtge^ 

soqieDBion  bridge  is  generally  the  most  suiteble 

ii  tbs  diespest  t3npe  for  long  q)ans  to  carry  light 

!*4ia  be  taken  in  the  promotion  of  a  bridge  project 

should  investigate  personally  the  possibilities 
keepiiig  his  own  counsel  about  what  he  is  doing,. 
from  the  swarm  of  blaclonailers,  leeches,  and 
of  fastaung  themselves  upon  any  one  who 
iJBheoive  a  good  enterprise  and  the  courage  to  un- 
this  investigation  of  conditions,  he  should,  if 
jfibd  or  lands  of  traffic  his  bridge  ought  to  pro- 
amounts  thereof  that  there  will  be,  both  at 
aeries  of  years. 

1)0  take  is  to  go  to  some  reliable  bridge  special- 

to  treat  the  matter  on  a  strictly  confidential 

an  inspection  and  survey  of  the  proposed 

^eMimate  of  cost,  based  upon  the  data  that 

^ipeat  an  expenditure  of  money  and  without 
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running  much  risk  of  exposing  the  project  to  the  curiosity  of  persons  who 
may  have  rival  interests.  It  this  bridge  engineer  is  to  be  connected  with 
the  project  throughout  its  entire  materiaUzation,  he  should  be  one  who 
has  had  dealings  with  bankera  and  is  familiar  with  their  pomt  of  view 
and  their  attitude  toward  promoters  and  new  enterprises.  Such  an  en- 
gineer could  be  of  much  service  in  making  the  project  presentable.   * 

If  the  promoter  has  not  been  able  to  make  up  his  mind  finally  as  to 
the  kind  of  traffic  for  which  he  ought  to  provide,  he  can  now  do  so  with 
the  assistance  of  his  engineer,  who  will  tell  him  approximately  the  cost 
of  structure  to  carry  any  kind  or  combination  of  kinds  of  traffic,  and  who 
will  aid  him  in  estimating  the  probable  net  revenues  therefrom. 

Third.  After  settling  the  questions  of  what  traffic  to  provide  for, 
the  approximate  cost  of  structure,  and  the  probable  net  revenue,  unless 
the  promoter  be  a  man  of  great  individual  wealth,  which  is  extremely 
improbable,  the  next  step  for  him  to  take  is  to  form  a  company  of  a  few 
trustworthy  friends  who  possess  means  to  aid  him,  and  have  the  company 
take  all  the  necessary  legal  steps  to  secure  the  right  to  bridge  the  stream 
and  whatever  exclusive  privileges  it  is  practicable  to  obtain. 

The  formation  of  a  stock  company  for  promotion  purposes  and  to 
hold  title  to  any  assets  that  may  be  acquired  during  that  stage  of  the 
enterprise  has  considerable  advantage  over  the  partnership  form  of  owner- 
ship. The  consent  of  all  parties  in  a  partnership  is  necessary  for  trans- 
ferring assets,  while  in  a  stock  company  a  majority  vote  of  stock  ratify- 
ing the  action  of  the  Board  of  Directors  is  sufficient. 

Fourth.  Next,  the  same  engineer,  or  some  other  one,  should  be  re- 
tained to  make  borings  to  bed-rock,  if  there  be  any  at  the  crossing,  or 
else  to  a  suitable  substratum,  and  from  them  to  determine  very  closely 
the  cost  of  structure,  based  upon  current  prices  of  labor  and  materials, 
but  allowing  properly  for  such  contingencies  as  a  possible  rise  in  the 
material  market  or  an  increase  in  the  cost  of  labor.  He  should  also  be 
required  to  make  a  layout  to  submit  to  the  War  Department  for  approval, 
if  the  stream  be  navigable.  These  various  steps  will  ensure  to  the  pro- 
moter or  his  company  the  control  of  his  project  from  a  legal  standpoint, 
which  is  a  sine  qua  rum  in  dealing  with  capitalists. 

Fifth.  The  next  step,  and  one  of  the  most  important,  is  the  prepara- 
tion of  a  prospectus.  Upon  the  manner  in  which  this  is  done  will  de- 
pend the  success  of  the  undertaking.  The  promoter  should  remember 
that  his  project  may  have  to  compete  with  many  others  for  investment- 
capital  and  that  the  demand  for  this  far  exceeds  the  supply;  hence  his 
prospectus  should  be  prepared  in  such  a  manner  as  to  appeal  to  the  banker 
from  the  start  and  hold  his  attention  in  order  to  win  him  over  and  away, 
perhaps,  from  other  projects  that  he  has  under  consideration.  The  requi- 
sites for  a  successful  prospectus  are  honesty,  moderation,  thoroughness, 
clearness,  conciseness,  and  a  conservative  amount  of  enthusiasm. 

Setting  aside  the  moral  question  involved,  honesty  is  an  absolute 
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l^itiioi^  BtrtcmeBt  irfrfeh  riiows  a{xm  ite  iMS^^jp^ 
moMBiiBt  ^bki  pdam  tmpMtb  of  iaaiifliii  do^ 

IB  Btbao  an  eneaitial  for  a  fptogpecta^ 

li  ciptiiaiirtio  about  his  projeeti  aobo^T  6ll» 

fiiBWidhi  ki  Matting  up  a  certain  amount  of  etrtiMk^ 

i^tomtoiialiie.  r    ;•. 

>dbiiidd 'beain  by  statins  as  roiirisniy  an  nosiiihti 

^ttie  bosiness  of  the  iMoposed  stameturd  in^  #iii^ 

at  a  certain  place.    Thea  it  should  pioceidlil^ 

of  Ao  developnifflit  of  tiie  enteiiHiSe)  asd^itfiiiidd 

pal  parties  in  interest  and  thm*  standtng  ki  ifto 

tile  compansr's  engineer  diould  be  gmmih^ 

kk  accepting  or  rejectuo^  a  proposition  is  ^ten 

i^the  engineer  retained  by  the  prcHnoters.    Hie 

bdvftiBy  described,  and  tiie  amount  of  its.  capital 

Keact  should  come  a  short*  description  of  the 

detailed  estimate  of  its  cost,  immediatdy  fd- 

be  a  statement  of  the  amount  of  actual  cash 

including  a  certain  9am  to  put  the  company 

Qpevation  for  a  year  or  two  t^ter  the  bridge  is 

came  a  detailed  estimate  of  annual  cost  of  oper- 

tion,  repairs,  interest,  taxes,  and  all  other 

riiould  be  prepared  by  one  who  is  conversant 

management  of  such  an  enterprise  and  of  the 

UpSfignres  given  will  have  to  be  verified  by  the 

contract  idll  be  entered  into  to  imderwrite 

i^iha>  necessary  capital.    Next  there  should    be 

of  revenue,  ocnnplete  and  reliable,  based 
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«li«Aedi  t0  a^c»mpii(di.*  .13ie  o^^  oCrMrti^ 
fiii^  ii|aiddy  tte  oapitidifli'9  nMflntiQR  MA: 
iuttiBiBi^far  to  induce  Him  to  i^oid  tliB-iriiBld 
Wiwb  aqriKHPBB^  >^  it  to  jodieiottaly:  firapaio^ 
^^iv^  /^^^    The  nest  step  to  tatot  is  for  Itt  ytmmtm 
otter  infltieiitial  meiiibeir  or  meaibers  of  fbn 
tosi^bimt  the  {ttoq^eetusj  iiiqMfy  (bairingi^ 
iaoffeen  well  to  have  the  enaiQear  aeeoiniMyBafuttB 
ii!igr«  should  sddom  be  largBi  beoause  a 
do  buaoesB  much  more  expeditiously  thaa  a  ,ht0 
in  ^^KKW'ng  the  banken  first  to  be  spproachftd^. 
isiiB  wlio  are  accustomed  to  H«mil«ng  bridge 
at  the  time  too  busy  in  financing  other  sohemoi^ 
enteii»ise  should  aid  in  determining  the  baokni; 
for  certain  c^ntalists  deal  only  with  veiy  laqgi 
those  of  modbrate  sise^  while  many  are  of 
with  small  ones. 

It  is  almost  an  essential  that  the  parties  la  i 
well  introduced;  for  often  capitalists  refuse  to 
tunately,  this  introduction  occasionally  costs  eittsr 
ci  stock  or  some  other  recognition  of  services  ttal 
ture  of  some  of  the  promoter's  money.    One 
value  for  nothing;  hence  the  promoter  must  nol 
he  finds  that  an  introduction  to  the  financial 
well,  though,  for  him  to  make  such  a  r^n 
bankers'  undertaking  the  financing  of  the 
transaction  to  a  perfectly  legitimate  one  of  bi 

In  dealing  with  bankers  the  promoter  should 
time  as  possible.    They  are  busy  men  and 
minutes  of  their  working  hours.    When  the 
let  him  leave  his  prospectus  and  papers,  ask 
pointment,  and  bid  the  capitalists  good  day* 
this  hint,  he  will  very  quickly  be  given  his 
consequently  it  is  just  as  well  to  avoid  sudi 

The  inexperienced  promoter  almost  in 
with  great  notions  of  how  he  will  handle  tbo 
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the  law  to  them  and  permit  them  to  jom  forces  with  him  in  his  important 
undertaking,  and  how  he  will  concede  to  them  a  small  percentage  of  the 
capital  stock  and  keep  the  bulk  of  it  for  himself  and  his  associates;  but 
after  he  has  once  put  through  a  project,  or  even  has  tried  to  do  so  and 
failed,  he  will  have  become  a  sadder  but  a  wiser  man.  He  will  find  that 
it  is  the  bankers  who  dictate  terms,  because  enterprises  requiring  capital 
are  brought  to  them  every  day,  and  from  the  numerous  ones  presented 
they  can  pick  and  choose,  and  that  it  is  they  who  will  take  the  lion's 
share  of  the  capital  stock  and  leave  a  small  percentage  for  the  promoting 
company.  Those  who  seek  capital  for  an  enterprise  must  go  prepared  to 
submit  to  many  disappointments  and  reverses;  for  financing  of  projects  is 
no  easy  matter.  Bankers  are  difficult  men  to  deal  with,  and  they  have 
the  whip  hand.  Moreover,  one  cannot  count  upon  their  doing  what 
they  promise  or  agree  to  verbally,  until  they  bind  themselves  in  writing, 
as  some  of  them  make  a  practice  of  agreeing  verbally  to  underwrite  a 
project,  then,  if  before  confirming  the  agreement  in  black  and  white  some- 
thing more  attractive  is  submitted,  they  feel  at  Uberty  to  change  their 
minds.  On  the  other  hand,  though,  if  they  find  that  a  promoter  is  trying 
to  deal  simultaneously  with  two  sets  of  bankers  or  capitalists,  they  will 
turn  him  down  with  great  indignation  because  of  alleged  lack  of  good  faith. 

Should  the  first  capitalists  approached  reject  a  proposition,  it  is  often 
difficult  to  induce  others  to  entertain  it;  and  after  it  has  been  hawked 
around  for  a  while  among  various  bankers  it  might  as  well  be  abandoned, 
because  it  will  have  gotten  a  bad  name, — and  that  is  almost  certain  to 
kill  it.  Financiers  term  such  projects  "footballs."  Of  course,  the  first 
or  even  the  succeeding  bankers  approached  may  not  be  in  position  to 
underwrite  the  project  on  account  of  other  business;  and  in  such  a  case 
a  polite  request  from  the  promoter  not  to  mention  the  fact  that  he  had 
submitted  his  scheme  to  them  may  prevent  any  ill  effects  from  the  im- 
successful  attempt  or  attempts;  but  a  rejection  of  a  project  by  promi- 
nent bankers  on  the  plea  of  its  being  of  an  imsatisfactory  character  is  gen- 
erally its  death  knell,  because  the  leading  financiers  of  the  large  cities 
meet  often  and  exchange  confidences,  and  there  are  close,  intimate  con- 
nections between  the  banking  houses  of  the  principal  cities.  In  order  to 
avoid  the  danger  from  publicity  of  one's  project,  it  might  be  feasible  in 
some  cases  to  have  a  mutual  friend,  or  some  other  disinterested  person, 
interview  the  banker  before  he  is  formally  approached  and  sound  him 
as  to  whether  he  would  be  likely  to  take  an  interest  in  an  imdertaldng 
along  certain  general  lines,  without  giving  him  any  information  which 
would  enable  him  to  locate  the  enterprise  or  to  discover  the  names  of  the 
parties  interested. 

If  a  banker  consent  to  back  a  project,  he  will  generally  demand  an 
option  on  it  for  a  few  weeks  or  months  in  order  that  he  may  confer  with 
other  bankers  and  obtain  their  aid  in  the  underwriting,  especially  if  the 
undertaking  is  a  large  one;  for  the  reason  that  bankers  usuaUy  act  upon 
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the  old  established  principle  that  it  is  not  well  for  one  to  carry  all  his 
eggs  in  one  basket.  They  prefer  to  share  both  profits  and  risks  with  their 
brother  bankers.  Moreover,  it  is  easier  to  dispose  of  the  bonds  to  the 
small  buyers  when  the  issue  is  largely  divided,  especially  when  it  is  under^ 
written  in  several  cities. 

Bridge  bonds  are  commonly  taken  by  the  imderwriters  at  a  rather 
heavy  discount,  the  price  for  five  (5)  per  cent  bonds  being  often  as  low 
as  eighty-five  (85)  cents  on  the  dollar.  In  addition  they  demand  as  large 
a  share  of  the  stock  as  they  think  they  can  squeeze  out  of  the  promoters, 
and  this,  as  a  rule,  remains  in  their  hands;  for  it  is  their  custom  to  sell 
the  bonds  to  their  clients  in  small  amounts  at  a  price  about  ten  (10)  cents 
on  the  dollar  higher  than  the  underwritten  figure,  and  not  to  give  them 
any  of  the  stock,  if  they  can  avoid  doing  so. 

The  amount  of  the  bonded  indebtedness  is  ordinarily  made  large 
enough  to  ensure  sufficient  actual  cash  to  build  the  structure  complete 
in  all  its  details  and  to  leave  a  small  amount  in  the  treasury  in  order  to 
provide  for  a  possible  deficit  in  earnings  during  the  first  year  or  two; 
but  sometimes  the  financier  insists  that  the  promoters  buy  a  certain 
amount  of  the  stock  at  a  small  figure,  say  twenty-five  (25)  or  thirty 
(30)  cents  on  the  dollar;   and  thus  the  amount  of  the  bonded  indebted- 
ness is  reduced.    In  the  preliminary  organization  of  the  company  and 
when  making  the  financial  arrangements,  it  is  a  wise  precaution  to  pro- 
vide for  a  possible  future  increase  of  bonded  indebtedness  as  well  as  for 
an  enlargement  of  capital  stock.    The  amoimt  of  the  latter  at  the  out- 
set is  arbitrarily  fixed,  and  it  is  of  small  importance,  as  it  usually  repre- 
sents nothing  but  water.    However,  the  ordinary  arrangement  is  to  make 
it  equal  to  the  amount  of  the  bonded  indebtedness.    In  most  cases  all 
the  stock  is  common,  but  sometimes  a  portion  of  it  is  preferred.     If  the 
prospective  net  profits  are  small,  the  preferred  stock  is  the  choice  kind; 
but  if  they  are  very  high,  the  common  stock  is  the  better,  as  there  is 
no  limit  to  the  profit  which  it  may  pay,  while  the  preferred  stock  carries 
either  a  fixed  or  a  maximum  rate  of  interest. 

If  an  engineer  acts  as  a  promoter  or  gives  much  of  his  time  to  aid  the 
promoters  in  financing,  he  is  entitled  to  a  portion  of  the  stock,  unless  his 
services  are  fully  paid  for  either  in  cash  or  by  an  agreement  according 
to  which  he  secures  the  future  engineering  of  the  designing  and  construction. 

Generally,  it  is  not  a  good  thing  for  a  bridge  engineer  to  make  a  prac 
tice  of  promoting  enterprises  on  his  own  account.  It  is  far  better  for 
him  to  be  retained  by  the  promoters  to  aid  them  in  their  work.  The  pos- 
sibilities of  large  profits  and  the  element  of  gambling  involved  in  such 
occupation  are  very  attractive  to  some  minds;  but  experience  shows  that 
the  bridge  engineer  will  generally  succeed  better  in  the  end,  if  he  con- 
fines his  attention  and  energies  mainly  to  professional  duties  and  leaves 
to  men  of  less  education  the  pioneer  work  of  promoting.  Nevertheless, 
there  may  come  occasionally  to  a  bridge  engineer  an  opportunity  either 
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tolwtigatiiHis  concerning  the  probable  traffic  and 
should  be  made  with  great  care  and  consenra- 
0  by  nature  is  prone  to  overestimatei  and  no 
iiiooiint  at  all  unless  he  is  more  or  less  optimistic; 
veiy  carefully  all  uncertain  matters  connected 
l^ljipptesy  aJad  should  endeavor  always  to  err  upon  the 
'f  m  ccnnputing  the  annual  cost  for  maintenance, 
eaqp«nses,  he  should  be  careful  to  omit  no  items 
enough  to  be  beyond  criticism.  In  the  chap- 
giT«ii  lists  of  items  of  both  first  cost  and  operat- 
be  found  quite  useful  to  the  promoter  of  bridge 
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&i  wbile  the  yomuc  eiudiieen  fresh  from  the  jsa^Iihim^ 
fINmfttioii  "tiuuQ  the  recent  gradiiatee  hi  bifr 
fliPQiiigp  d^  not  himaie  proportioniitdy  inth  their 
iiQ4  eiperienc^  eo  that  aft^  one  or  two  d&aBifk§ 
mmi^oi  thar  own  ege  in  the  other  profe88ioD&    Bi^ 
tibe  c^rnfagB  of  those  who  h&ve  reached  the  raoun^ 
1^  l^^Bineering  pfofeesion  makes  the  poorest  dioif^ 
|Kif]pPf  ^ysidansy  and  surgeons  demand  and  obtwi 
ipf^icesy  and  there  are  many  of  them  to  be  found  in 
^America;   but  only  a  very  few  prominent  engineers 
jr.;}(Mie  fees,  and  the  amounts  of  their  oompensatien 
JfeioBS  ol  the  ftfiinififlr  liafats  in  the  other  orofessions*    Tins 
|K)|  one  has  to  study  more  faithfully  for  his  dei^rae 
Ijiaetioe  to  attain  success  than  the  engineer.    Mom^ 
1iwbdi%  work  is  more  important  than  his,  for  it  is  a  gen* 
laet^ttmt  the  whole  progress  of  humanily  depends. 

finr  this  unsatisfactory  state  of  affairSy  and  upon 

I     Bomkiy  it  is  because  engineering  has  only  ktdy 

jll.ipia  pf  the  learned  professions;   but  it  is  surely  dd 

i|||«iqped  suffi^^   influence  with  the  public  to  obtain 

for  its  members.    As  for  where  tiie  blame  lies — 

UMPfer  to  the  question,  vis.,  upon  the  engineers  them- 

qC  good  standing  and  education  makes  a  practice 

jjit^cei  is  it  likely  that  people  will  pay  him  more 

i^epstomed  to  accepting?    Agfun,  the  improfessional 

eUPIOeeiB,  that,  alas,  is  by  no  means  uncommon,  is 

lAoiprfe  for  the  meagreness  of  technical  men's  com- 

develop  in  themselves  a  love  and  respect  for 

^0mte  to  advance  it  by  every  legitimate  means  in 

unsatisfactory  .conditions  will  continue,  and  the 

pQIpneers  in  general  will  continue  to  remain  in  the 
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endeavor  on  the  part  of  his  clients  or  employers  to  keep  down  the  salaries 
of  his  subordinates;  but,  on  the  contrary,  let  him  insist  upon  their  com- 
pensation being  advanced  as  their  experience  and  the  value  of  their  ser- 
vices increase.  Let  him  also  refrain  from  envy  and  ill-natured  remarks 
when  he  learns  that  some  other  engineer  in  his  own  class  has  received 
advancement  or  has  secured  a  large  fee;  but,  on  the  contrary,  let  him 
tender  his  more  fortunate  brother  hearty  congratulations;  and  when  he 
loses  a  piece  of  work  in  competition  let  him  congratulate  the  employers 
upon  their  having  secured  such  valuable  services  instead  of  making  some 
ill-natured,  sneering,  or  derogatory  remark.  Let  him  also  be  on  the  look- 
out to  advance  those  of  his  friends  in  the  profession  who  are  worthy  of 
advancement,  by  recommending  them  for  positions  which  he  knows  are 
to  be  filled;  and  let  him  always  be  willing  to  allow  any  of  his  assistants 
to  leave  his  service  when  they  are  offered  (or  when  he  can  find  for  them) 
better  compensation  than  he  or  his  principals  can  afford  to  pay.  Will 
such  a  course  of  procedure  tend  to  hold  back  his  own  advancement  while 
others  are  pushing  ahead?  Far  from  it.  On  the  contrary,  it  will  make 
him  so  respected  by  the  community  in  general  that  his  ultimate  advance- 
ment will  be  assured. 

Certain  bridge  engineers  have  established  for  themselves  schedules  of 
charges,  and  they  try  to  live  up  to  them;  but  in  many  cases  they  are 
forced  either  to  vary  from  them  or  to  lose  the  work.  The  following  is  an 
average  schedule  of  minimum  fees  for  bridge  engineers  of  established 
reputation: 

For  the  entire  engineering  connected  with  the  designing,  manufacture, 
and  construction  of -a  large  bridge,  exclusive  of  the  inspection  of  metal- 
work  at  mills  and  shops,  five  (5)  per  cent  of  the  total  contract  cost  of 
the  completed  structure,  including  substructure,  superstructure,  and  ap- 
proaches, or  five  and  a  half  (5.5)  per  cent  if  the  bridge  contain  a  movable 
span.  This  is  exclusive  of  the  preliminary  study  of  the  crossing  and  the 
making  of  borings. 

For  plans,  specifications,  and  estimates  for  a  large  bridge,  three  (3) 
per  cent  of  the  estimated  total  cost  of  substructure,  superstructure,  and 
approaches,  based  upon  current  prices  of  materials  and  labor,  or  three 
and  a  half  (3.5)  per  cent  if  the  bridge  contain  a  movable  span. 

For  plans,  specifications,  estimates,  checking  of  shop  drawings,  and 
inspection  of  metalwork  at  rolling  mills  and  bridge  shops  for  a  large  bridge, 
three  and  one-half  (3.5)  per  cent  of  the  total  cost  of  substructure,  super- 
structure, and  approaches,  or  four  (4)  per  cent  if  the  bridge  contain  a 
movable  span. 

For  the  field  engineering  alone  of  any  large  bridge,  the  actual  cost 
of  doing  the  work  plus  either  a  fixed  sum  or  a  monthly  salary. 

It  almost  goes  without  saying  that  one  must  charge  higher  percentage 
fees  for  small  structures  than  for  large  one^s,  because  many  of  the  expenses 
are  just  as  high  in  one  case  as  in  the  other.     It  is  hard  to  say  where  an 
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iMe  of  a  great  many  bridges. to  be  eontnteei 
^lt)'eeiile  per  lineal  foot  and  all  traveling  eaqMMoli 
j[  not  lees  than  one  himdred  dxAkm^  pei  dkg-'mA 
4iaie  14)Wt  in  traydiiig)i  and  aa  modi  mdctM 
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^'addition  to  the  entire  ^igineering  on  a  bridge 
on  is  done  by  day  labor  or  at  cost  plus  either 
for  profit),  the  pero^itage  for  the  engineering 
^abont  one  and  a  half  (IH))  the  sise  of  the  in- 
magnitude  of  the  work,  the  larger  the  structure 
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ill^d  to  attorneys  in  law  suits  the  fee  must  be 

"Of  the  money  involved  and  upon  the  special 

te=  no  hard  and  fast  rule  will  apply  to  this  class 

the  compensation  must  be  adjusted  to  the 
^ibder  discussion  and  to  the  amount  of  money 
H^  laved  for  his  client. 

to  prepare  standard  plans  for  brid^iaa 
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iWhir  tliaii  tbat  duaned  to  tbe  deiiniflir  of 

Itir  mJbaseide  or  verl^  lift^Mdae  it  ibofdclj^ 
and  the  oort  of  the  subrtmctiue  sfaoulA  be 
is  aiMdied.    The  ^Vwiiriiinif  mmmI  deteilhMc  olr 
fieiEmie  woric,  and theie siik greet deel ef 
BiiMible  eiMuiB:  beaideB.  the  stnictaiel 
IJicttted  than  that  for  fixed  apaiia*  hepee  thi^ 
diwtgning  should  be  greater.  :y ^  ^ 

If  &  biklge  ^igineor  of  establiahed  iq;i«^ 
any  worki  he  should  eddom  make  his  dafljr  dmiMf 
doOan  (SlOO)  and  all  e3q)eii0eS|  unless  he  be  proiiiwNl 
the  engineering  of  future  oanstructioa.   Under 
be  p^ectly  inoper  for  him  to  halve  his  par  daeei^llili 
traveling  for  clients  should  be  paid  for  on  theeiiaK 
on  actual  woric. 

When  an  engineer  is  retained  to  do  inqxirliiQl 
curing  a  valuable  charter  or  ccmoessioni  and  irhil|{ 
sional  standing  and  reputation  that  success  depfudte 
other  inducements  than  the  standard  fees  or  por 
wise  he  would  simply  be  puUing  his  client's  chesjtaltits 
it  is  mainly  upon  his  ability  and  reputation  thai 
tempt  depends,  he  surely  should  be  given  an^  im 
tamed  through  the  concession;  and  it  is  perfecA^ 
drive  as  hard  a  bargain  as  he  can  with  his  clients 

It  is  not  right  or  politic  for  a  client  to  foroe  #; 
out  of  his  fee  the  expenses  of  making  boringSt. 
ing  in  advance,  even  approximately,  what  mkh 
far  better  for  the  client  to  let  the  engineer  qiep4 
is  required  to  secure  all  the  necessary  info] 
or  other  foundation;  because,  ordinarily,  every 
such  data  involves  several  dollars  saved  on  tfaSf, 
fectly  legitimate  and  proper  for  an  enginesor 
for  preliminary  work  be  absorbed  by  the  lateir^ 
struction,  in  case  that  the  prdject  be  a  largs 
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himself  and  the  profession  to  avoid  doing  so,  if  possible.  In  general,  it 
may  be  stated  that  the  more  an  engineer  demands  for  his  services  the 
more  highly  will  he  be  appreciated  by  the  public.  Of  course,  he  may 
sometimes  lose  a  piece  of  prospective  work  by  holding  up  his  charges; 
but  eventually  he  will  be  the  gainer  thereby,  and  he  will  certainly  have 
the  satisfaction  of  knowing  that  he  has  done  his  share  to  raise  the  engi- 
neering profession  to  a  higher  standard. 

•  There  is  but  one  case  where  it  is  right  and  proper  for  a  bridge  engi- 
neer to  cut  rates,  and  that  is  when  his  client  is  a  brother  engineer  or  an 
architect,  and  when  the  said  client  has  to  pay  the  consulting  fee  out  of 
his  own  compensation.  Under  these  circumstances  the  lower  the  con- 
sulting engineer  makes  his  charge  the  more-  worthily  does  he  act;  and 
it  is  often  eminently  proper  for  him  to  reduce  it  to  zero.  He  should 
beware,  though,  of  falling  into  a  trap  in  such  a  case;  because  occasionally 
a  sharp  promoter  has  been  known  to  endeavor  to  save  a  consulting  engi- 
neer's fee  by  ordering  his  own  engineer  to  ask  for  assistance  and  advice 
under  the  false  assimiption  that  it  is  to  be  paid  for  out  of  the  said  engineer's 
Balaiy,  which  is  too  often  a  mere  pittance. 
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Mnfinmmimin\  for  a  lawsrer,  !■  tgr  ip^^ 
ilwiHrttwith  profliiective  or  actual  dknts,  Hn^ 
^  abilttisr  and  aowwr  /tmv  ta  make  a  good 
gee  that  be  undenrtande  hie  vooatloii  m  e?ei|r 
a&d  tfaie  involves  the  poflMBsicm  of  Bomid 

It  k  in  negotiating  with  proflqpeotive  eBettti 
projects  that  an  ^igineer  most  reqiibes 
does  not  exercise  fimtaiess  and  sound  j 
nary  financial  arrangements^  he  may  lat^  find 
of  his  time  but  also  out  of  considerable  oashi^^ 
pecunious,  and  hence  are  likely  to  try  to  mdiMiTif 
suiting  engineer  for  the  preliminary  work  baiwwb 
liberal  compensation.    It  may  be  all  ri|^t  fen? 
such  a  proposed  method  of  doing  business; 
insist  upon  tying  up  the  parties  by  a  hard««iKi-fiit^ 
cording  to  which,  in  case  the  project  is 
to  do  all  the  engineering  thereon  at  certain 
neration.    Again,  he  should  make  sure  that  Imi 
to  put  any  of  his  own  cash  into  the  affair;  btti 
starting  his  operations  the  parties  deposit  a 
his  credit  to  be  drawn  upon  from  time  to  tioie 
sistants  and  others  for  doing  the  preliminary 
sure  that  more  money  will  be  forthcoming  wfaifli 
but  not  quite  exhausted.    If  he  can  secure 
as  the  work  progresses,  let  him  do  so  by  all 
generally  the  promoters  prefer  to  pay  him  in  tlM| 
money.    If  the  project  be  a  good  one,  it  k 
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d  the  profession,  for  instance,  by  patron- 
bgr  spiending  his  money  as  a  gentleman  should. 
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Me  not  only  to  him  personally  but  also 

H:  bridge  engineer  treats  his  employees  is  an 

boriness  ability  or  the  lack  of  it.    He  should 

ts,  and  should  pay  them  all  that  their 

^_^.^ method  of  securing  good  men  is  to  take 

'  lechnical  schools,  train  them,  and  pay  them 
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according  to  what  their  services  are  worth,  dropping  ruthlessly  thoee  who 
are  idle,  incompetent,  or  otherwise  undesirable.  He  should  take  a  strong, 
personal  interest  in  the  welfare,  development,  and  advancement  of  those 
assistants  who  give  promise  of  becoming  good  engineers,  and  should  aid 
them  in  every  way  that  lies  in  his  power.  Such  a  course  involves  not 
only  good  engineering  ethics  but  also  good  business. 

He  can  save  himself  and  his  principal  assistant  engineers  much  trouble 
and  the  office  much  expense  by  selecting  with  care  the  recent  graduates 
whom  he  emplo3rs.  Their  instructors  in  the  technical  schools  can  usually 
give  him  a  very  good  idea  of  their  abiUty,  industry,  and  individual  pecu- 
liarities; and  it  is  well  for  him  to  keep  in  close  touch  with  the  professors 
of  those  technical  schools  from  which  he  draws  mainly  for  assistants. 

A  bridge  engineer  should  insist  strictly  on  regular  attendance  of  all 
assistants  to  their  work  in  both  office  and  field,  and  should  so  organise 
his  forces  thai  this  desideratum  will  be  assured.  Each  assistant  should  be 
made  to  endeavor  at  all  times  to  produce  the  maximum  amount  of  use- 
ful daily  work  of  which  he  is  capable.  The  office  work  should  be  so  laid 
out  that  there  will  alwa3rs  be  some  valuable  routine  occupation  ready, 
in  case  that  the  ordinary  tasks  run  short.  Such  an  arrangement  assures 
that  nobody's  time  will  be  wasted  for  want  of  something  to  do,  provided 
that  the  head  of  the  office  allots  properly  the  routine  work  to  the  vari<His 
subordinates.  Working  hours  for  office  men  should  be  from  8  a.m.  until 
5.30  P.M.,  or  6  P.M.  with  an  hour  off  for  luncheon;  but  in  extremely  hot 
weather  and  when  work  is  not  imusually  pressing,  a  half-holiday  on  Sat- 
luday  should  be  allowed,  making  the  hours  for  that  day  from  8  aoi.  till 

1  P.M. 

Each  employee  should  be  annually  granted  a  two  weeks'  vacation  on 
full  pay.  Every  man  who  labors  hard  is  entitled  to  a  short  period  of  rest 
each  year,  in  which  to  recuperate  his  forces  and  relax  his  mental  strain. 
By  taking  such  a  vacation  he  will  accomplish  more  ur^ful  work  annually 
than  he  could  by  continuous  labor.  The  employer,  however,  should  make 
sure  that  the  vacation  period  is  spent  in  relaxation  and  not  on  work  for 
some  one  else  or  in  study. 

As  a  matter  of  business,  it  is  well  to  pay  office  men  for  overtime  at 
their  regular  rate  of  hourly  compensation,  but  from  such  extra  earnings 
should  be  deducted  the  value  of  any  time  that  may  have  been  lost.  On 
the  other  hand,  it  is  not  advisable  to  dock  a  good  man's  salary  because 
of  a  little  imavoidably  lost  time,  unless  there  be  something  due  him  from 
overtime.  But  it  is  not  good  business  to  make  a  practice  of  working  one's 
employees  overtime;  however,  occasionally  it  cannot  be  avoided,  esi>e- 
cially  when  there  is  a  piece  of  work  that  has  to  be  finished  quickly.  One 
cannot  obtain  effective  labor  from  tired  men,  and  if  a  practice  be  made 
of  having  the  employees  work  extra  time,  they  will  get  into  the  habit 
of  dawdling  during  the  regular  working  hours  in  order  to  enlarge  their 
monthly  earnings  by  overtime  occupation.     Every  field-man's  time  should 
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be  fully  occupied  in  attending  to  his  regular,  routine  work,  which  should 
be  so  laid  out  for  him  in  writing  that  there  will  be  no  excuse  for  shirking. 
As  there  is  a  good  deal  of  standing  around  during  construction  hours  for 
the  field  engineer,  he  should  not  object  to  giving  some  portions  of  his 
evenings  to  routine  work,  such  as  making  notes  in  his  diary  and  preparing 
his  reports.  There  should  be  no  overtime  allowed  for  field  engineering 
work. 

It  is  a  wise  precaution  either  to  carry  accident  insurance  for  one's 
field  forces,  or  to  have  it  imderstood  in  writing  that  a  certain  small  por- 
tion of  each  one's  salary  is  paid  him  for  the  purpose  of  insuring  himself, 
if  he  so  desires;  and  that  if  he  does  not  do  so,  he  will  have  no  claim  against 
his  employers  because  of  any  accident  that  may  happen  to  him.  An 
engineer  should  insure  his  office  outfit  against  fire  for  as  high  a  figure 
as  the  insurance  companies  will  agree  to;  and  even  if  he  does  so  and  is 
burned  out,  he  will  find  that  he  is  decidedly  out  of  pocket  after  the  loss 
has  been  settled.  One  cannot  insure  records  at  anything  like  their  value, 
hence  it  behooves  a  bridge  engineer  to  have  an  office  in  a  building  that 
is  truly  fire-proof. 

It  is  not  a  bad  plan  for  a  bridge  engineer  to  give  two  or  three  of  his 
principal  assistants  a  small  interest  in  the  annual  profits  of  the  office 
which  are  in  excess  of  a  certain  fixed  amount;  but  the  advisability  of 
treating  the  rank  and  file  of  the  assistants  in  the  same  way  is  problema- 
tical. Owing  to  the  fluctuation  in  the  amount  of  work  in  both  office  and 
field,  a  bridge  engineer,  of  necessity,  must  employ  more  or  less  floating 
draftsmen  and  inspectors,  whose  services  may  be  dispensed  with  at  any 
time;  and  there  is  no  need  to  let  such  men  share  in  the  profits  of  the 
business. 

When  bad  times  strike  the  bridge  engineer,  he  should  not  make  the 
mistake  of  discharging  all  of  his  men  in  order  to  cut  down  expenses,  but 
he  should  evolve  routine  work  to  keep  his  best  assistants  busy  imtil  pay- 
ing work  is  resumed.  If  he  does  not  do  this,  he  will  find  that  when  the 
period  of  depression  has  passed,  he  will  be  unable  to  do  even  a  small 
portion  of  the  work  that  he  could  readily  secure.  During  good  times 
he  should  save  and  lay  aside  money  for  the  special  purpose  of  carrying 
his  well-trained  men,  or  a  good  number  of  them,  through  the  next  period 
of  depression. 

It  is  true  economy  for  a  bridge  specialist  to  pay  a  good  price  for  shop 
inspection,  provided  that  by  so  doing  he  makes  sure  of  obtaining  it. 
Cheap  inspection  is  a  cause  of  endless  worry  and  annoyance;  and  some- 
times it  entaib  serious  loss  to  one's  clients.  One  can  ensure  the  best 
results  by  keeping  constantly  in  his  employ  several  trained  inspectors 
who  are  accustomed  to  his  methods  and  who  know  how  to  obtain  good 
shopwork  from  the  manufacturers;  but  the  payment  of  their  salaries 
when  they  are  not  employed  is  a  heavy  tax  on  his  resources.  It  is  gen- 
erally cheaper  for  him  to  let  out  his  metalwork  inspection  to  a  good  in- 
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ecpt  more  than  he  eetimateid  or  if  th^  s^^^^ 
lie' ki  ealled  to  acooimt  (and  very  propisnyf  )if 'i^^ 
'^  his  Work  oorrectiy  or  ffve  the  cBcoit  his  lojon^f 
U  any  serious  accident  to  men  or  matemli 
I  and  he  is  usually  either  blamed  by  ihe  eon« 
IMiverity  or  by  his  clirat  for  being  too  lenient.    In 
iir  fife  ^is  not  a  happy  one'';  nevertheless  it  has 
j||i  the  satisfaction  experienced  from  the  successful 
stnlcture  buOt  under  unusual  difficulties  offsets 
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responsibilities  may  be  divided  into  three  classes, 

^;attdi  moral.    The  legal  ones  are  more  imaginary 

ecAirts  would  never  consider  as  a  criminal  an  en- 

'  a  serious  accident  had  occurred,  imless  it  could 

4te  to  maliciousness  on  his  part,  which  is  prac- 

aipe  man  would  wilfully  cause  an  accident  which 

^^HU^  upon  his  own  professional  reputation,  even  if 

aif^  be  discovered.    In  case  a  bridge  engineer 

y  and  the  matter  were  brought  to  court,  no . 

suggest  punishing  him  for  his  fault,  because 
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they  would  feel  that  his  loss  of  prestige  and  the  griping  of  his  sorrow 
and  remorse  would  be  far  greater  punishment  than  any  they  could  inflict. 

Nor  is  a  bridge  engineer's  financial  responsibility  much  greater  than 
his  legal,  because  generally  he  is  by  no  means  a  wealthy  man.  If  there 
were  an  accident  on  his  work  which  was  proved  to  be  his  fault,  or  if  his 
designs  were  bad  or  his  calculations  erroneous  and  his  cUent  suffered  loss 
thereby,  it  would  be  difBcult  for  the  said  client  to  recover  from  him  pecu- 
niary damages,  primarily  because  he  would  not  have  the  money  to  i>ay 
them  imless  they  were  quite  small,  and  secondarily  because  to  err  is 
human,  and  on  that  account  the- judge  or  jury  would  consider  that  the 
client  in  choosing  his  engineer  took  the  precaution  to  investigate  his  repu- 
tation and  that,  if  any  mistake  were  made  in  the  selection,  the  client  alone 
was  to  blame. 

But  the  moral  responsibility  is  the  one  that  coimts,  and  it  is  far  heavier 
than  either  of  the  others  could  possibly  be.  What  greater  punishment  can 
be  imagined  for  a  conscientious  engineer  (and  nearly  all  bridge  engineers 
are  such)  than  to  have  perpetually  overshadowing  him  the  depressing 
thought  that  through  his  ignorance,  carelessness,  or  lack  of  forethought 
human  lives  have  been  lost  and  valuable  property  destroyed!  The  re- 
mainder of  his  life  would  not  be  worth  living.  Far  better  for  Him  would 
it  be  to  go  down  to  death  with  the  other  imfortunates  on  his  structure! 

That  this  sentiment  is  a  true  one  was  once  proved  by  a  certain  bridge 
engineer  who  was  finishing  for  another  member  of  the  profession  the  re- 
pairs to  an  old  structure  which  carried  the  main  line  of  an  important 
railway  system  across  a  great  river.  Finding  one  of  the  new  wrought- 
iron  coimters  to  be  too  short  and  therefore  only  partly  effective,  he  con- 
ceived the  idea  of  lengthening  it  by  placing  a  riveting  forge  beneath  the 
short  end,  heating  a  portion  of  the  bar,  poimding  upon  the  metal  and  at 
the  same  time  rotating  the  turn-buckle,  and  thus  stretching  the  pieoe. 
Accordingly  he  gave  orders  to  the  foreman  one  night  to  get  everjrthing 
ready,  but  not  to  start  the  fire  until  his  arrival  in  the  morning.  Next 
day  his  train  was  late,  and  the  foreman  (becoming  impatient)  heated 
the  bar,  twisted  the  tum-buckle  without  poimding  the  metal,  and  broke 
the  rod,  which  stretched  and  parted  as  would  a  piece  of  molasses  candy. 
The  deed  was  done  and  the  damage  had  to  be  repaired  with  the  least 
possible  delay;  consequently  the  engineer  and  the  foreman  sat  down  on 
the  deck  and  evolved  jointly  a  false  turn-buckle  which  could  be  manu- 
factured in  a  near-by  town  and  attached  in  a  crude  but  effective  way 
without  the  necessity  for  falsework — that  which  had  been  used  for  the 
reconstruction  of  the  bridge  having  been  removed.  Unfortunately,  this 
repair  work  demanded  time,  and  a  passenger  train  was  due  a  few  min- 
utes after  the  design  was  evolved.  The  engineer  felt  confident  from  his 
general  knowledge  of  bridge  superstructures  that  the  other  coimter  of  the 
pair  would  do  the  work  of  the  two,  but  he  could  not  prove  it  by  figures. 
It  was  then  up  to  him  to  decide  whether  he  would  block  all  traffic  on  the 
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Miy jttffilfted  W  tf>^  Wftfe  pMPMi  <rf  thft  tmin ;  end  hv  the  QflBSt 

hflteh  fieee  ^las  lepifiied*    That  waii  more  thaH  a  qfOoAm 
aiwltte  imide  tiiiii4^  been  defaig  elieeti««e«rl^> 

emininipeff  haifmg  taxuh  praetioe  em^loiya  a  laise  lioitoeief 
ili^tMipoieorleflB  eqwt;  and  it  k  i]iq>oe8Utile  fei^  hka  i^^ 
MSQT  detaS  <rf  their  work  and  make  sure  that  it  ja  ri|^ 
^B^ie  to  train  aH  Ua  m^i  on  genoBl  prindples  Md  ae  le^ 
aiid  their  work  that  only  well  equipped  hmsh  iriU  M 
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the  amount  involved  were  large  (for  iastancQ^dtf 
^  aad  if  the  engineer  were  not  really  to  UamOi  it 
JMdd  htm  pecuniarily  responsible,  because  the  value 
is  altogether  too  spEiall  to  warrant  his  guarantee* 
and  his  assistants.    All  that  his  client  can  expect 
l0Vd  best--if  that  be  not  good  enough,  the  fault 
net  having  made  a  better  choice  when  selecting 
This  question  is  treated  in  a  masterly  manner 
Esq.,  Chief  Engineer  of  the  Philippine  Bureau 
finHing^  are  discussed  editorially  in  Engineering 
779.    Mr.  Hubbell  says: 

to  hold  the  individual  engiiieer  financially  reqxniBible 

(mot  of  judgment  on  his  part  may  cost  more  than  his 

is  it  customary  in  any  part  of  the  civilised  world  to 

veQxnisible.    A  captain  loses  his  ship  but  he  does 

tbas,  nor  does  he  lose  his  standing  as  a  ci^^ytain  unless 

been  negligent  in  his  duties.    The  average  lawjrer 

pBt  oeot  of  his  ciwes;  but  he  does  not  reimbiUBe 
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i^iibt^  ocHisalttag  MgMi^ 
be^pwmitted  to  supervleo  tiie  iaapeetioi^ 
bvt  as  liis  taking  such  a  stond  i^uldbeliki^ 
pr6q)ective  job|  he  would  mitoraUy  be  a^ii^ 
run  tile  chance  of  enoountoiing  the  Antie^iilai 

OccasionaUy  a  Mdge  engmeer  finds  H 
his  client,  either  to  prevent  him  from  dmng  soaifll 
construction  or  to  force  him  to  treat  his  eonlxi^ 
such  circumstances  the  engineer  riiouMMetood  lis^ 
if  the  result  be  that  he  must  resign 
to  dictate  to  a  bridge  engineer  as  to  what, 
type  of  design  to  adopt.    The  engineer  should  be 
materials  that  the  market  affords;  and  as  for 
he  can  sometimes  give  the  client  a  chdoe  of  tW0 
the  limits  of  good  practice;   but  when  an  effod^i 
type  which  is  unfit,  the  engineer  should  not  odily 
the  question  to  the  bitter  end.    The  client  may 
neer  from  all  responsibility  by  giving  him  a 
effect;  but  while  he  can  thus  absolve  him  legallyi Jbflf 
because  the  engineer  will  always,  in  public  of 
for  the  structure  which  be  has  designed  and 
though,  some  detail  of  construction  obj 
not  of  grave  importance  is  forced  upon  him. 
do  is  to  protest  in  writing  against  the  change 
his  letter  filed  in  safe  places  for  his  future 
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flans  and  specifications.    To  aocon4>lish  this  is 
|i9f  m  successful  prdfessional  career;  and  one  should 
that  is  not  truly  first-class,  no  matter  how 
invciyed  in  obtaining  proper  work.    Most  bridge 
their  structures  in  a  creditable  and  workman- 
of  them,  when  they  anticipate  Uning  money  on 
ipOBBible  expedient  for  economizingy  regardless  of 
construction.    Under  such  conditions  the 
lit  necessary  to  exercise  the  utmost  vigilance,  and 
r  to  employ  all  the  firmness  of  character 
him  or  which  his  worldly  experience  has 
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lematical;  because,  imless  a  contractor  is  makii% 
pretty  stire  to  slight  it  and  to  cause  serious  laxmm^* 
of  this  kind  by  the  engineer  is  often  used  as  a 
favoritism,  either  through  friendship  or  for  a 
but  the  dread  of  such  an  attack  on  his  character 
from  doing  his  duty.  In  taking  a  step  of  this  l$i#^ 
involving  himself  in  a  hard  fight,  hence  let  hisa  ia^ 
with  all  the  evidence  necessary  to  ensure  his 

In  writing  the  specifications  for  a  bridge,  the 
aU  the  responsibilities  that  are  rightly  his,  and  ^ 
any  of  them  upon  the  contractor.    He  should' 
convictions,  and  should  prove  it  by  telling  ui' 
thing  tbat  he  knows  concerning  the  conditiwfli^ 
instead  of  leaving  the  contractor  to  asc^taia^ 
It  is  a  cowardly  expedient  to  dodge  res; 
correctness  of  the  data  furnished  is  not 
other  hand,  it  is  right  to  point  out  that  the 
plete  and  that  the  contractor  must  provide  fw 
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may  arise.  The  author,  on  more  than  one  occasion,  has  had  clients  crit- 
icize his  specifications  because  of  their  being  too  full  and  because  of  his 
giving  the  bidders  too  much  information,  on  the  theory  that  each  bidder 
should  examine  the  groimd  and  get  all  the  needed  information  for  himself. 
This  was  suggested  for  the  purpose  of  avoiding  responsibiUty  for  the  com- 
pany. The  author's  answer  to  any  such  criticism  is  that,  unless  the  bidders 
are  furnished  with  complete  information,  they  will  tender  high,  and  the 
company  will  spend  money  imnecessarily  in  what  may  after  all  prove  to  be 
an  unsuccessful  endeavor  to  dodge  responsibility;  for  in  case  of  Utigation 
the  courts  generally  see  that  the  contractor  is  given  his  just  due. 

No  engineer  should  force  a  contractor  to  go  into  court  in  order  to 
settle  questions  and  disputes  that  arise  between  the  company  and  the 
contractor.  The  engineer  is  the  arbiter,  and  he  should  not  shirk  respon- 
sibility by  refusing  to  settle  disputed  points.  It  is  true  that,  notwith- 
standing the  statement  of  the  specifications  to  the  contrary,  he  is  not 
necessarily  the  final  arbiter;  as  the  coiuts  have  held  that  any  stipulation 
in  a  specification  which  takes  away  from  either  party  to  the  contract  the 
right  to  appeal  to  the  law  against  the  engineer's  decision  is  illegal  and 
therefore  void,  because  it  is  adverse  to  pubUc  policy,  in  that  its  effect  is 
to  deprive  the  courts  of  their  jurisdiction.  However,  it  is  found  that 
the  courts  seldom,  if  ever,  reverse  an  engineer's  decision  on  a  disputed 
point,  unless  it  be  clearly  proved  that  he  was  actuated  by  dishonest  mo- 
tives in  making  it,  for  both  the  judge  and  the  jury  feel  that  the  engineer 
knows  much  more  about  his  own  business  than  they  do. 

In  the  event  that  the  lives  of  the  contractor's  men  are  endangered 
through  strikes  or  threats  of  any  kind,  it  is  the  duty  of  the  engineer  to 
see  that  they  are  properly  protected;  and  he  should  not  shirk  the  re- 
sponsibility of  advising  his  client  to  call  in  the  aid  of  government  troops 
whenever  he  deems  such  a  precaution  necessary.  When  the  cUent's  prop- 
erty is  endangered  in  any  way,  for  instance  by  fire,  flood,  or  mob,  the 
bridge  engineer's  place  is  where  the  danger  is  greatest;  and  it  is  his  obli- 
gation personally  to  use  every  endeavor  to  save  the  imperiled  possessions, 
no  matter  what  may  be  the  risk  to  himself.  His  duty  under  these  cir- 
cim^istances  is  analogous  to  that  of  an  army  officer;  and  he  must  forget 
for  the  time  being  all  personal  considerations  and  devote  his  entire  at- 
tention and  energy  to  saving  the  property  confided  to  his  charge.  Occa- 
sions of  this  kind  are  liable  to  occur  in  the  practice  of  any  bridge  engineer, 
and  when  they  do  he  must  face  the  danger  manfully  in  order  to  encourage 
his  workmen  and  assistants  to  do  their  duty.  The  following  little  stories 
will  exemplify  this  statement: 

When  a  certain  bridge  englieer  was  a  yoimg  man,  he  was  in  charge, 
for  the  contractors,  of  the  construction  of  a  railway  bridge  across  a  west- 
em  river.  Dining  the  winter  falsework  had  been  built  across  the  stream, 
and  in  the  spring,  when  the  ice  went  out,  large  cakes  of  it  lodged  against 
the  piles  and  threatened  the  work  with  destruction.    The  engineer  who 
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CHAPTER  LXXVII 


ETHICS  OF  BRIDGE  ENGINEERINO 


Ethics  has  been  well  defined  as  ''the  science  of  right  conduct, 
or  the  body  of  laws  governing  the  relations  between  human  beings." 
Although  there  are  a  number  of  elaborate  treatises  on  that  subject, 
there  has  been  no  well-considered  effort  to  formulate  a  working  code 
of  ethics  for  the  engineering  profession.  A  few  desultory  endeavors 
have  been  made  to  codify  the  laws,  but  none  have  been  well  rounded 
or  successful,  consequently  the  profession  has  but  little  in  this  line  to 
work  upon  except  the  "golden  rule,"  which  in  technical  life  may  be 
best  stated  by  the  expression  "endeavor  always  to  do  the  square  deal 
by  everybody." 

In  this  chapter,  which  is  supposed  to  deal  only  with  the  ethics  of  bridge 
engineering,  but  which  unavoidably  touches  upon  that  of  engineering  in 
general,  no  attempt  will  be  made  to  formulate  a  set  of  rules  to  govern 
the  actions  of  bridge  engineers  or  to  establish  a  system  of  ethics;  but  the 
author  will  merely  state  in  detail  his  ideas  of  what  the  bridge  engineer's 
treatment  of  others  and  their  treatment  of  him  ought  to  be,  in  the  hope 
that  his  suggestions  may  prove  useful  to  his  professional  brethren,  and 
may  eventually  aid  in  the  establishment  of  a  complete  and  imiversally 
recognized  code  of  ethics  for  engineers. 

Until  quite  recently,  the  American  Society  of  Civil  Engineers  has 
rather  discouraged  the  inauguration  under  its  auspices  of  a  code  of  engi- 
neering ethics;  nevertheless  the  question  of  its  so  doing  has  come  up 
from  time  to  time,  and  not  very  long  ago  a  short  and  rather  incomplete 
code  was  adopted.  Its  restrictions  are  all  covered  in  the  contents  of  this 
chapter,  which  was  written  as  far  back  as  1907.  Any  code,  to  be  gen- 
erally acceptable  to  the  profession  and  to  have  any  prospect  of  actual 
adoption  in  engineering  practice,  would  have  to  be  essentially  different 
in  character  from  many  of  those  that  have  been  suggested  in  more  or 
less  detail  by  ci^rtain  engineers.  The  engineering  profession  is  not  com- 
posed of  saints  nor  of  mean-spirited  hypocrites,  who,  when  struck  on  one 
cheek,  make  a  practice  of  turning  the  other  for  another  blow,  but  of 
courageous,  hard-fighting  men,  who  are  learning  to  stand  up  for  their 
rights,  and  who  will  not  brook  imposition.  If  the  engineering  profes- 
sion were  limited  to  cultured  gentlemen,  the  ideals  of  these  ethical  dreamers 
might  be  materialized;  but,  unfortunately,  there  are  all  kinds  and  con- 
ditions of  engineers  (real  and  so-called),  ranging  from  the  broad-gauge 
consulting  engineers  and  the  chief  engineers  of  our  principal  railways 
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and  manufacturing  corporations,  trained  at  college  and  in  the  technical 
schools,  to  the  rodmen  or  even  the  roustabouts  on  surveys;  for  in  this  free 
country  of  ours  any  one  may  call  himself  a  civil  engineer^  provided  he 
can  read  and  write  and  has  had  a  little  practical  experience  in  a  most 
subordinate  capacity  on  some  line  of  engineering  construction.  Are  these 
rodmen,  roustabouts,  highway  bridge  agents,  and  others  of  that  ilk  to 
be  considered  by  the  engineers  at  or  near  the  top  of  the  profession  as 
professional  brethren  and  treated  with  all  the  courtesy  that  they  would 
naturally  show  to  their  peers?  Decidedly  not.  They  should,  of  course, 
be  treated  courteously;  but  when  they  have  the  effrontery,  as  they  some- 
times do,  to  advance  their  opinions  concerning  important  technical  mat^ 
ters  in  opposition  to  those  of  engineers  who  have  an  acknowledged  right 
to  be  considered  authorities,  they  should  be  relegated  to  their  proper 
place,  even  if  it  require  some  plain  speaking  to  put  them  there.  Engi- 
neers of  acknowledged  standing  should  have  the  privilege  of  drawing  the 
line  somewhere  and  of  sa3dng  who  are  and  who  are  not  worthy  of  be- 
ing considered  in  their  class.  For  bridge  engineers  the  best  criterion  is 
the  question,  "Does  the  man  under  consideration  belong  to  the  national 
society  of  civil  engineers,  and,  if  so,  in  what  grade?"  As  every  high- 
class  bridge  engineer  either  does  or  should  belong  to  that  society,  no  hard- 
ship will  be  done  if  an  individual  who  is  not  a  member  thereof  in  any 
grade  and  who  poses  as  an  expert  bridge  engineer  when  competing  for 
work  is  refused  the  consideration  due  an  engineer  of  generally  acknow- 
ledged standing. 

But  some  ethical  cranks  will  say,  "Engineers  ought  not  to  compete 
for  work,  for  by  so  doing  they  will  lower  the  standing  of  the  engineering 
profession  and  bring  it  into  disfavor  with  the  public."  Such  a  sentiment 
as  that  is  mawkish  humbug  and  unworthy  the  consideration  of  any  live 
man;  for  in  this  rapidly  developing  country  competition  in  all  walks  of 
life  is  inevitable.  If  it  were  suppressed  in  engineering,  the  profession 
would  receive  a  serious  backset  to  its  development;  because  the  unscrupu- 
lous, the  incompetent,  and  the  ignorant  practitioners,  if  sufficiently  ag- 
gressive (as  they  certainly  are)  would  secure  all  the  work;  and  the  science 
of  design  would  soon  degenerate  into  rule-of-thumb  practice.  It  is  not 
unusual  in  bridge  work  for  the  contractor  (who  often  dubs  himself  an 
engineer  without  having  any  real  right  whatsoever  to  thal^  title)  to  make 
the  claim  that  he  is  better  posted  on  bridge  designing  and  construction 
than  the  consulting  engineer  who  has  made  a  life  study  of  the  subject; 
and  not  infrequently  he  succeeds  in  impressing  this  belief  on  inexperi- 
enced and  unsophisticated  persons  who  have  bridges  to  build.  When  a 
bridge  engineer  encounters  opposition  of  this  kind,  he  ought  to  be  at 
liberty  to  express  himself  freely  concerning  the  relative  standing  of  true 
bridge  experts  and  incompetent,  ignorant  contractors.  His  doing  so  is 
no  breach  of  real  engineering  ethics. 

Again,  certain  sentimental   engineers  contend  that  it  is  infra  dig. 
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for  an  engineer  to  patent  anything  that  he  discovers  or  evolves,  because 
it  is  detrimental  to  the  high  standing  of  the  engineering  profession  and 
tends  to  retard  progress.  Surely  "the  laborer  is  worthy  of  his  hire"; 
and  if  men  in  other  walks  of  life  have  the  privilege  of  patenting  their 
inventions,  why  should  not  engineers?  To  bar  them  thus  would  be  to 
put  the  profession  at  a  disadvantage  instead  of  enhancing  its  dignity  as 
claimed.  Most  assuredly,  every  engineer  who  evolves  anything  patent- 
able upon  which  he  can  mfike  money  by  securing  exclusive  rights  to  man- 
ufactiu^  or  use,  and  who  does  not  avail  himself  of  the  privilege  which 
the  laws  of  the  coimtry  grant,  makes  a  mistake.  It  is  all  very  well  to 
be  generous  to  one's  professional  brethren,  but  it  is  more  important  to 
be  just  to  oneself  and  to  those  who  are  dependent  upon  one.  A  great 
many  of  our  large  industries  are  based  upon  patents  taken  out  by  engi- 
neers. Who  can  imagine  the  development  of  the  air-brake,  the  steam 
turbine,  the  block-signal  systems  without  the  protection  and  profit  af- 
forded by  the  patent?  If  the  invention  must  be  given  to  the  world  with- 
out charge,  who  would  spend  the  years  and  the  fortimes  devoted  to  de- 
veloping and  perfecting  machines  such  as  the  Cmtis  turbine?  It  is  a 
well-defined  part  of  every  system  of  progressive  government  to  protect 
and  encourage  the  inventor;  and  in  these  days  the  inventor  is  largely 
the  trained,  scientific  engineer.  If  a  consensus  of  opinion  among  engineers 
of  reputation  were  taken  on  this  question  of  patents,  the  result  would 
certaiinly  be  overwhelmingly  in  favor  of  the  technical  man's  maintaining 
his  personal  rights. 

The  same  sentimental  engineers  before  mentioned  contend  that  one 
engineer  should  never  criticize  another  engineer  or  his  work.  This  is 
eminently  right  and  proper  imder  some  circumstances,  but  not  always. 
For  instance,  if  a  man  does  something  wholly  improfessional  or  dishon- 
orable, or  if  his  work  is  of  a  dangerous  character,  it  would  be  absurd 
sentimentality  to  refrain  from  criticism  merely  from  notions  of  ethical 
propriety — ^in  fact,  in  some  cases  it  would  be  most  reprehensible. 

Again,  objections  have  been  raised  to  an  engineer's  furnishing  infor- 
mation gratis  to  prospective  clients,  on  the  plea  that  it  is  ruinous  to  the 
profession  to  do  so.  This,  as  a  rule,  is  correct;  nevertheless  there  are 
occasions  when  an  engineer  is  able  to  tie  up  for  himself  future  engineering 
work  of  great  magnitude  by  giving  at  the  outset  his  services  free  of  charge 
to  the  promoters;  and  he  would  be  foolish  if  he  did  not  avail  himself 
of  such  opportunities.  At  the  same  time,  if  he  fails  to  bind  the  pro- 
moters in  writing  to  retain  him  in  case  the  project  materializes,  he  makes 
a  grave  mistake  as  far  as  his  own  interests  are  concerned,  and  he  does 
not  do  his  duty  by  the  profession,  because  he  lowers  the  value  of  engineer- 
ing knowledge  in  the  public  mind  and  encourages  dishonest  practice  among 
promoters  at  the  expense  of  engineers  in  general. 

Following  the  lead  of  other  writers  on  engineering  ethics,  the  author 
will  divide  ethics  for  bridge  engineers  into  the  following  heads: 
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He  should  make  a  praotioe  of  f^Ting  to  lil>- 
the  benefit  of  all  that  he  disooversi  mainly  by  thik 
phlets,  and  addresses,  never  entertaining  for  a 
pseudo-economic  notion  that  what  he  leams 
own  personal  benefit  only. 

He  should  make  a  point  of  seising  every 
velop  the  young  engineers  with  whom  he  is 
them  explanations  of  difficult  points,  advice,  att# 
asked  to  do  so,  he  should  lecture  to  eiiginAiriil| 
matters  that  will  prove  interesting  and  vahiaUe 
any  charge  for  such  services;  for  it  is  the  boi 
ful  engineer  to  aid  the  professors  of  civil 
students  concerning  practical  matters  that  atid 
books  and  about  which  the  professors  are  not 'M 

In  addition  to  leading  a  moral  life,  the  bii( 
minor  offences  against  the  proprieties  and 
engineers,  being  specially  careful  not  to 
It  is  unnecessary  to  suggest  an3rthing  about 
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oigineer  is  sometimes  told  that  they  have  no 

the  work  can  be  done  for  the  amount  of  his 

ieoount  they  are  unwilling  to  bind  themselves  to 
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to  prepare  the  preliminary  plans  and  complete 

commissioners  submit  them  to  bidders  for  ten- 

'responsible  bid  is  so  much  in  excess  of  the  esti« 

$lbr  their  means,  the  commissioners  may  reject 

Mything  for  their  preparation.    Any  bridge 
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matter  to  be  solved  by  personal  considaraticMis  jol 
than  it  is  a  question  of  engineering  ethics; 
who  claim  that  the  acceptance  of  a  retainer  on 
tion  of  the  unwritten  code.    Again,  one  must 
ect  must  have  a  beginning  and  that  many 
at  first  are  ultimately  successful;  while,  on  the 
which  at  the  outset  appear  most  roseate  prove 
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many  engineers  disagree.    Some  say  that  no 
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would  have  to  be  overturned  before  such  a  radical  change  could  be  ef- 
fected. It  seems  a  shame  that  such  should  be  the  case,  because  the 
sight  of  a  number  of  engineers  of  good  standing  all  testifying  in  a  legal 
controversy  in  the  most  partisan  manner  and  pledging  their  reputations 
as  to  the  correctness  of  diametrically  opposed  statements,  is  not  very 
edifying,  nor  is  it  conducive  to  elevating  the  engineering  profession  in 
the  esteem  of  the  public.  The  author  makes  it  his  policy  to  refuse,  when- 
ever possible,  to  give  expert  evidence;  and  when  he  cannot  avoid  it,  he 
explains  in  advance  to  the  cUent  that  he  will  tell  exactly  what  he  knows 
or  ascertains  by  investigation,  no  matter  who  will  be  benefited  or  injured 
by  his  testimony — ^in  fact,  that  he  will  not  be  partisan  imder  any  consid- 
eration. It  is  hardly  necessary  to  say  that  he  is  not  very  often  sought 
after  as  an  expert  witness.  Bridge  engineers  in  general  might  do  well 
to  take  the  same  stand  on  this  point,  for  the  reasons  that  the  rdle  of  ex- 
pert witness  is  a  difficult  one  to  fill  satisfactorily,  that  it  is  nearly  always 
attended  by  considerable  grief,  that  the  compensation  it  brings  is  too 
small,  and  that  one  makes  through  it  more  enemies  than  friends.  As  a 
compromise,  one  might  arrange  for  a  certain  fee,  fixed  in  advance,  to 
investigate  and  report  upon  the  case  at  issue;  then,  if  the  result  be  imfa- 
vorable,  drop  it  permanently,  but  otherwise  (for  an  additional  fee)  con- 
tinue it  and  give  evidence,  the  decision  concerning  continuance,  however, 
being  left  entirely  to  the  engineer. 

The  bridge  engineer  should  confine  himself  to  either  purely  professional 
work  or  contracting.  He  should  never  attempt  to  do  both,  although  it 
would  be  perfectly  proper  for  him  to  change  from  one  line  to  the  other. 
This  is  a  case  of  where  "no  man  can  serve  two  masters."  If  he  is  a  pro- 
fessional bridge  engineer,  he  will  require  all  work  to  be  done  in  the  best 
practicable  manner  consistent  with  reasonable  expense,  while  if  he  is  a 
contracting  engineer,  his  object  will  be  to  have  it  done  as  inexpensively 
as  possible.  These  two  points  of  view  are  irreconcilable.  It  is  true  that 
with  very  broad-gauge  men  they  approach  each  other  more  or  less  closely, 
but  they  will  never  meet;  hence,  if  an  engineer  is  to  be  thoroughly  con- 
sistent, he  should  remain  on  one  or  the  other  side  of  the  fence,  and  should, 
under  no  circumstances,  attempt  to  straddle  it.  If  an  engineer  is  in  the 
bridge-contracting  line  and  at  the  same  time  makes  plans,  specifications, 
and  estimates  for  clients,  he  will  antagonize  the  regular  consulting  engi- 
neers, which,  to  say  the  least,  is  bad  policy;  and  if  he  is  a  consulting 
bridge  engineer,  he  will  give  deep  oflfence  to  bridge  builders,  if  he  ever 
takes  a  contract  for  construction.  Moreover,  no  engineer  who  attempts 
both  consulting  practice  and  contracting  simultaneously  will  ever  be  able 
to  secure  public  confidence  to  anything  like  the  extent  which  he  would 
were  he  to  confiine  his  attention  to  purely  professional  work. 

Once  in  a  while  a  bridge  engineer  is  asked  to  give  a  personal  bond 
guaranteeing  his  faithfulness  and  integrity;  but  it  is  invariably  refused. 
Such  a  request  is  an  insult  to  the  engineering  profession.    No  lawyer, 
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f essional  brethren  has  been  treated  in  this 
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money.    The  blame  for  these  failures  and 


m 


'tJ^>«■i.;?*^--^* 


-  ■  '   .-      "   '    *■ 

.     -;-..•  '"^    '    ■•■* 

f.   -■>;:'■  >■. 

''                  '     ■'    '                                 •           ..-    .                   •! 

sift  B^^^  .^tfMBi^fcMii^hHtf ' ' 

ili0uht  d6i{ 


:*l?V/1c<Kg^" 


Efe^;;^: 


■i^^.- 


« 

'^t, 


'i*-^^ 


W^poi^^  tt^ctt  would  be  1^!^ 


1      I 


.>       ■^Ti-.T 


•Wiil^ 


ja%^- 


■S^i.-. 


iiKWilpk  to  tek0  away  the  enqdqyMi 
ikmid  any  of  them  api^y  to  him  fi»r  widil^ 
l^qpiieatkm  he  ebouUl  coneolt  with  th^  tt^iliq^ 
eciB<iftMe  to  him  to  let  them  go. «    ''^-J^ 
ilKlJEd^  give  to  mdonmient  to  an  aarirtaart^jyilill 
^  libc^  1^^  the  temptation  to  do  iis^ll^ 

>fcfl|t<yer  endoieement  would  decdve  hie 'tiMihit 
!^iej|d  to  lower  the  status  of  the  profession.  ^^^  ^ 

ooQsider  accepting  a  position  abeacfy  lidd 
illriiHi  that  engineer's  remgnation  or  dtsmtssal  hift 


vxA,  obligatory,  that  Inidge  engineers  should 

"thiBir  own  line  of  work  and  not  cut  into  fliose 

"^Hiey  are  likely  to  ke^  more  popular  prof essicm^ 

tiiqr  made  a  i»actice  of  wandering  into  neigh* 

It  is  no  crime,  though,  for  a  specialist  to 

Utte^of  Work  in  his  practice,  especially  if  he  has 

4u^  Vei?8ed  in  other  lines  than  his. 

encounters  in  his  practice  features  of 

iwliloh  he  is  not  familiar  and  which  are  outside 

eiM  in  to  his  assistance  the  best  engineering 

,  he  should  make  his  client  pay  for  sucli 

idiould  pay  for  them  himself.    Tlie 


Er^A^-'.jfc' 


^Bllgineer 


tit"fe 


.  /(KtA 


t3^. 


1628  BRIDGE  ENGINEERING  Chaptek  LXXVTI 

thus  called  in,  before  sending  his  biU,  should  ascertain  who  is  to  pay  it; 
and,  if  it  be  his  brother  engineer,  he  should  make  it  as  small  as  he  con- 
scientiously can.  He  ought  not  to  be  expected  in  such  a  case  to  work 
for  nothing;  but  he  should  not  charge  for  any  advice  of  a  general  nature 
which  he  can  give  his  brother  engineer  without  expense  to  himself.  One 
should  be  very  chary,  however,  of  asking  for  assistance  for  which  he 
cannot  pay,  as  so  doing  tends  toward  imposition  on  good  nature. 

Ingratitude  and  forgetfulness  of  past  favors  are  an  indication  of  an 
unworthy  nature,  and  as  such  are  a  violation  of  the  ethics  of  engineering. 
Instances  of  these  objectionable  traits  are,  fortunately,  rather  rare,  al- 
though not  entirely  unknown  in  the  engineering  profession. 

The  Duty  of  the  Bridoe  Engineer  to  His  Clients  or 

Employers 

When  a  bridge  engineer  is  retained  on  any  work,  it  is  his  duty  to  de- 
vote his  energies  loyally  and  conscientiously  to  the  interests  of  his  client. 
Nothing  should  be  allowed  to  stand  in  the  way  of  his  duty,  imless  the 
demands  of  the  client  conflict  with  the  engineer's  sense  of  what  is  right 
and  just.  In  such  a  case  he  should  argue  the  matter  with  his  employer 
until  one  or  the  other  is  convinced;  and  if  an  agreement  cannot  be  reached, 
the  engineer  should  tender  his  resignation,  for  he  cannot  afford  to  have 
his  name  connected  in  any  way,  either  directly  or  indirectly,  with  any- 
thing savoring  of  fraud  or  injustice.  Usually,  when  an  engineer  takes 
such  a  firm  stand  as  this,  the  cUent  will  give  in  and  will  be  persuaded 
to  do  what  is  right.  Engineers  are  sometimes  asked  to  falsify  reports 
and  estimates  or  to  give  false  evidence  on  the  witness  stand;  but  a  firm 
negative  to  the  request  will  generally  effect  its  withdrawal.  If  it  does 
not,  there  is  only  one  thing  for  the  engineer  to  do,  no  matter  what  the 
cost  to  himself  may  be. 

A  bridge  engineer  should  always  insist  that  the  amount  of  his  fee  for 
any  work  be  fixed  in  advance  of  his  imdertaking  it.    If  he  is  careless 
enough  to  fail  to  do  so,  he  may  have  either  to  permit  the  cUent  to  deter 
mine  the  amount  or  to  resort  to  the  courts  for  collection. 

Within  the  limits  set  by  the  demands  of  honesty  and  integrity,  an 
engineer  cannot  be  too  loyal  or  too  devoted  to  the  interests  of  his  client. 
He  should  fight  for  his  client's  rights  as  he  would  for  his  own,  and  should 
aid  him  with  advice  whenever  opportimity  offers,  even  if  such  advice  is 
not  sohcited.  Whenever  he  sees  that  his  client  is  about  to  make  a  mis- 
take of  any  kind,  he  should  warn  him  and  should  use  every  possible  means 
to  convince  him  of  his  error. 

Unless  it  is  otherwise  agreed  upon,  the  bridge  engineer  who  prepares 
plans  has  a  right  to  keep  the  tracings;  but  the  cUent  is  entitled  at  any 
time  to  as  many  blue-print  copies  thereof  as  he  may  desire,  provided  he 
pays  the  actual  cost  of  making  them.    Nor  has  the  cUent  a  right  to  build 
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more  than  a  single  structure  from  a  set  of  plans  or  permit  any  one  else  to 
do  so  without  giving  the  engineer  additional  compensation,  imless,  per- 
chance, the  contract  between  the  parties  was  so  drawn. 

A  bridge  engineer  need  not  consider  that  his  entire  time  and  atten- 
tion should  be  given  to  the  work  of  one  cUent,  unless  a  special  agreement 
was  made  to  that  effect;  for  he  should  be  at  Uberty  to  do  all  the  other 
work  he  desires,  provided  that  he  does  not  in  any  way  neglect  his  cUent's 
interests. 

A  bridge  engineer  should  not  permit  his  cUents  to  give  directions  to 
any  of  his  employees,  as  all  instructions  should  be  deUvered  to  him  di- 
rectly. This  is  necessary,  not  only  to  ensure  the  work  being  done  prop- 
erly, but  also  to  maintain  discipUne  in  the  engineering  force. 

It  is  the  duty  of  every  bridge  engineer,  when  preparing  specifications 
for  submission  to  bidders,  to  furnish  them  as  full  data  as  possible,  in 
order  that  his  cUent  may  obtain  the  lowest  possible  tenders  consistent 
with  the  securing  of  proper  construction.  This  matter  is  treated  at  length 
in  another  chapter. 

A  bridge  engineer  must  not  take  that  method  of  settling  difficulties 
which  is  easiest  for  himself,  but  the  one  which  is  best  for  his  client's  interests. 

If  a  client  has  any  matter  that  rightfully  he  deems  should  be  kept 
secret,  his  engineer  should  not  only  refrain  from  speaking  of  it  to  any 
one  himself,  but  he  should  also  prevent  all  his  employees  from  so  doing 
— ^if  necessary,  by  threat  of  dismissal. 

In  all  cases  reports  should  be  made  with  perfect  frankness,  even  though 
they  be  displeasing  to  the  client. 

The  study  of  true  economy  in  designing  and  construction,  or,  in  other 
words,  the  avoidance  of  all  extravagance,  is»an  important  duty  of  a  bridge 
engineer  to  his  client  even  if  his  own  personal  labor  is  materially  augmented 
thereby. 

No  true  bridge  engineer  will  ever  be  persuaded  either  by  contractors 
or  clients  to  call  for  bids  on  a  structure  upon  the  basis  of  the  bidders  sub- 
mitting competitive  plans,  for  not  only  does  this  method  involve  an  ac- 
knowledgment of  his  technical  inferiority  to  those  thus  invited  to  tender, 
but  also  it  results  in  procuring  for  his  clients  designs  which  are  greatly 
inferior  to  the  best  possible  that  can  be  evolved. 

The  Duty  of  the  Bridge  Engineer  to  His  Employees  and 

Theirs  to  Him 

The  bridge  engineer's  duty  toward  his  employees  consists  mainly  in 
seeing  that  they  are  sufficiently  compensated  for  their  services,  whether 
tiiey  be  paid  by  him  or  by  his  clients,  that  they  are  invariably  treated 
kindly  and  courteously,  that  they  are  allowed  every  opportunity  to  ob- 
tain valuable  experience,  that  a  personal  interest  is  taken  in  their  wel- 
fare and  professional  advancement,  that  they  are  given  full  credit  for  all 
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original  or  special  work  which  ibey  do,  and  that  when  they  leave  they 
receive  (if  they  are  worthy)  good  recommendations  to  aid  them  in  secur- 
ing other  positions.  The  bridge  engineer  should  encourage  his  subordi- 
nates to  join  the  leading  engineering  societies,  and  should  direct  their 
technical  reading  and  advise  them  concerning  professional  matters,  to 
the  end  that  they  may  develop  to  the  utmost  the  best  that  is  in  them 
and  make  themselves  worthy  members  of  the  engineering  profession. 

When  issuing  orders,  the  bridge  engineer  should  give  them  to  the 
engineer  in  charge  and  not  directly  to  the  draftsmen  or  underlings;  be- 
cause if  he  does  deal  directly  with  such  subordinates,  he  upsets  the  routine 
of  the  work  and  breaks  up  the  discipline  of  his  organization.  There  are 
times,  though,  when  it  is  necessary  to  depart  from  the  observance  of  this 
rule,  such,  for  instance,  as  when  the  engineer  in  charge  is  absent;  and 
then  the  latter  as  soon  as  possible  should  be  told  courteously  of  the  direct 
instructions  and  the  reason  why  they  were  so  given. 

The  duty  of  the  employee  to  the  bridge  engineer  consists  mainly  in 
doing  his  work  thoroughly  and  to  the  best  of  his  ability,  working  full 
time  always  and  overtime  when  it  appears  necessary,  studying  how  best 
to  make  himself  useful  to  his  employer,  and  acting  loyally  to  him  at  all 
times  in  both  word  and  deed.  No  subordinate  has  a  right  to  work  during 
his  spare  time  for  other  parties  in  order  to  increase  his  income,  because 
all  his  energies  belong  to  his  employer.  If  he  does  work  thus  at  night 
and  on  Sundays,  he  will  be  so  tired  during  office  hours  that  he  will  not 
be  able  to  attend  properly  to  his  regular  duties,  and,  consequently,  his 
employer  will  be  defrauded.  Moreover,  his  doing  such  outside  work  is 
generally  in  direct  competition  with  his  employer,  as  it  would  naturally 
be  brought  to  the  office  were  it  not  that  the  one  who  wants  it  done  thinks 
he  can  obtain  it  more  cheaply  from  the  employee  than  from  the  employee's 
principal.  It  would  be  bad  policy  for  a  bridge  engineer  to  retain  in  his 
service  any  employee  who  does  outside  work  in  this  way. 

The  Duty  of  the  BRrooE  Engineer  to  His  Contractors 

The  treatment  of  his  contractors  by  a  bridge  engineer  should  be  cour- 
teous but  firm,  kindly  but  with  dignity,  liberally  but  with  strict  justice 
both  to  them  and  his  clients.  He  should  do  all  that  he  can  to  aid  the 
contractors  to  finish  their  work  expeditiously  and  economically,  so  that 
they  will  make  a  fair  profit,  providing  his  principals  secure  satis- 
factory construction.  He  should  brook  no  interference  or  dictation  from 
contractors,  yet  should  always  listen  to  any  of  their  suggestions  when 
politely  made,  and  should  act  thereon  if,  in  his  opinion,  ta  do  so  would 
be  good  policy.  If  he  can  legitimately  grant  them  small  faVors  in  respect 
to  payments  on  account,  he  should  so  oblige  them,  provided;  that  he  sees, 
they  are  in  pecuniary  difficulties,  and  provided  that  he  in  no  way  jeop- 
ardizes his  client's  money.    In  short,  he  should  be  their  true  friend  ib: 
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CHAPTER  LXXVIII 

general   specifications  governing   the   designing   of  the   super- 
structures  of  steel  bridges,  trestles,  viaducts.  and 

elevated  railroads* 

Classification 

1.  Classification  of  Bridges  in  General 

As  r^ards  these  specifications,  all  structures  are  divided  into  two  gen- 
eral classes,  viz.,  railroad  bridges  and  highway  bridges.  The  designing 
of  these  classes  will  differ  mainly  in  the  loadings  and  in  certain  limita- 
tions of  sizes  of  parts;  and  although  the  specifications  are  written  so  as 
to  cover  both  classes,  no  trouble  whatsoever  should  be  experienced  by 
the  designer  in  applying  them  to  any  particular  class  or  to  any  typ>e  of 
structure.  Electric  railway  bridges  shall  conform  to  the  specifications  for 
highway  bridges,  except  as  otherwise  provided. 

2.  Classification  for  Highway  Bridges 

Highway  bridges  shall  be  divided  into  three  classes,  viz.,  Class  A, 
which  includes  those  that  are  subject  to  the  continued  application  of  heavy 
loads;  Class  B,  which  includes  those  that  are  subject  to  the  occasional  ap- 
plication of  heavy  loads;  and  Class  C,  which  includes  those  for  ordinary, 
Ught  traffic.  In  general,  it  may  be  stated  that  bridges  of  Class  A  are  for 
densely  populated  cities,  those  of  Class  B  for  smaller  cities  and  manu- 
facturing districts,  and  those  of  Class  C  for  country  roads. 

Materials 

3.  Meiol  Portions 

In  steel  superstructures  all  the  parts  besides  the  ties,  foot-planks,  and 
guard-timbers  of  railway  bridges  and  the  flooring,  pavement,  and  foot- 
walk  slabs  of  highway  bridges  shall  be  of  either  medium  carbon  steel  or 
nickel  steel,  excepting  only  that  bolts  and  adjustable  members  are  to  be  of 
soft  carbon  steel  and  rivets  of  either  soft  carbon  steel  or  low  nickel  steel, 
and  that  cast  iron  may  be  used  for  purely  ornamental  work,  lamp-posts, 
large  base  plates,  and  a  few  minor  parts  of  operating  machinery  for  movable 
spans. 

*  Appended  to  this  chapter  is  a  clause  index  for  the  use  of  those  who  desire  to 
design  bridges  according  to  tnese  specifications. 
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4.  Timber  Portions 

Cross-ties,  foot-planks,  and  guard-timbers  of  railway  bridges,  and 
joists,  planks,  guard-rails,  and  paving  blocks  of  highway  bridges,  also  all 
other  timber  portions  of  all  bridges,  shall  be  of  long-leaf.  Southern  yellow 
pine,  Douglas  fir.  Pacific  Coast  cedar,  or  other  timber  which,  in  the  opinion 
of  the  Engineers,  is  equally  good  and  serviceable. 

Railway  Bridge  Floobs 
5.  Timber  Floors 

In  railroad  bridges  the  wooden  fioor  shall  be  so  designed  as  to  ensure 
safety  from  passing  trains  for  the  railroad  employees,  refuge  bays  three 
(3)  feet  by  three  (3)  feet  outside  of  clearance  being  provided  every  one 
hundred  (100)  feet  for  deck  spans.  The  spaces  between  the  ties  shall 
not,  in  general,  be  less  than  five  (5)  inches  nor  more  than  six  (6)  inches 
wide.  The  sizes  of  the  ties  shall  be  such  as  to  give  the  requisite  resistance 
to  bending,  under  the  assumption  that  the  load  on  one  pair  of  wheels  is 
distributed  equally  over  three  ties,  the  eflfect  of  impact  being  considered. 

All  ties  shall  be  proportioned  by  the  formula, 

M  ^\rW, 
6 

where  M  is  the  greatest  bending  moment  in  inch-pounds  upon  a  tie,  R 
is  the  intensity  of  working  stress  in  pounds  per  square  inch,  h  the  width  of 
the  tie  in  inches,  and  d  the  depth  of  same  in  inches. 

The  net  dimensions  of  timber  shall  invariably  be  employed  when  using 
the  preceding  formula. 

No  tie  shall  be  less  than  seven  (7)  or,  preferably,  eight  (8)  inches  wide, 
nor  less  than  eight  (8)  inches  deep,  nor  less  than  ten  (10)  feet  long,  ex- 
cept in  the  case  of  elevated  railroads,  where  the  length  may  be  reduced 
to  eight  (8)  feet  and  the  depth  to  six  (6)  inches  for  a  spacing  of  five  (5) 
feet  between  central  planes  of  longitudinal  girders. 

Ties  shall  be  dapped  to  a  full  and  even  bearing  not  less  than  one-half 
(J^)  inch  on  to  the  stringers;  and  each  alternate  tie  shall  be  secured  thereto 
at  each  end  by  a  three-quarter  {%)  inch  hook  bolt,  having  at  the  hook 
end  a  square  shank  at  least  two  (2)  inches  long  to  prevent  the  bolt  from 
turning. 

All  timber  bolts  shall  be  of  soft  steel. 

Outer  guard-timbers  shall  be  6"  X  8"  laid  on  flat,  dapped  one  (1) 
inch  on  to  the  ties,  and  placed  so  that  their  inner  faces  shall  be  not  less 
than  twelve  (12)  inches  nor  more  than  fifteen  (15)  inches  from  the  gauge- 
planes  of  rails. 

Where  inner  guard-timbers  are  employed,  they  shall  be  6"  X  8"  on 
flat,  dapped  one  (1)  inch  on  to  the  ties,  and  placed  so  that  their  outer 
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As  a  rule,  the  depth  of  a  joist  shall  not  exceed  four  (4)  times  its  width. 
Otherwise,  the  joists' shall  be  properly  bridged  at  distances  not  exceeding 
eight  (8)  feet. 

They  shall  be  proportioned  by  the  formula  given  previously  for  ties. 

Joists  shall  be  dapped  at  least  one-half  ()^)  inch  upon  their  bearings, 
and  shall  have  their  tops  brought  to  exact  level  before  the  planks  are 
laid  thereon. 

They  shall  be  spaced  not  to  exceed  two  (2)  feet  between  centres,  shall, 
preferably,  lap  by  each  other  so  as  to  extend  over  the  full  width  of  the 
fipor-beam,  and  shall  be  separated  half  an  inch,  so  as  to  permit  the  circu- 
lation of  air.  The  outside  joists,  however,  shall  abut  so  as  to  provide 
flush  surfaces  from  end  to  end  of  span. 

When  steel  joists  are  used,  wooden  shims,  at  least  foiur  (4)  inches  deep 
by  six  (6)  inches  wide,  shall  be  eflfectively  bolted  to  their  top  flanges  through 
holes  therein,  or  else  secured  thereto  by  approved  metal  clips. 

Floor  planks  for  the  main  roadway  shall  be  at  least  three  (3)  inches 
thick  and  from  eight  (8)  to  ten  (10)  inches  wide,  and  shall  be  laid,  either 
transversely  or  diagonally  but  never  longitudinally,  with  one-quarter  ( J^) 
inch  openings.  Each  plank  shall  be  spiked  to  each  joist  on  which 
it  rests  by  two  (2)  seven  (7)  inch  cut  spikes,  the  holes  for  which  shall  be 
bored  in  order  to  avoid  splitting  the  timber,  or  else  by  two  (2)  seven  (7) 
inch  wire  nails. 

Whenever  a  wearing-floor  is  used,  the  lower  planks  must  be  planed  on 
the  upper  side  and  sized  to  a  uniform  thickness,  and  the  wearing-floor 
must  be  planed  on  the  lower  side  so  as  to  ensure  a  perfect  bearing  between 
the  upper  and  the  lower  layers.  The  planks  of  the  wearing-floor  shall 
be  laid  either  transversely  or  diagonally  but  never  longitudinally;  and 
those  in  the  lower  floor  must  always  be  laid  in  some  other  direction  than 
that  of  the  planks  of  the  upper  floor. 

Floor  planks  for  footwalks  shall  be  at  least  two  (2)  inches  thick  and 
not  much  more  nor  less  than  six  (6)  inches  wide,  and  shall  be  laid  with 
one-half  (J^)  inch  openings.  Each  of  the  said  planks  shall  be  spiked  to 
each  joist  upon  which  it  rests  by  two  (2)  six  (6)  inch  cut  spikes,  the  holes 
for  same  being  bored,  or  by  two  (2)  six  (6)  inch  wire  nails.  The  floors 
of  footwalks  shall  extend  to  and  connect  with  the  floor  of  the  main  road- 
way so  as  to  leave  no  open  spaces  anywhere  in  the  bridge  floor. 

All  planks  shall  be  laid  with  the  heart  side  down. 

There  shall  be  a  wheel-guard  of  a  scantling  not  less  than  four  (4) 
mches  by  six  (6)  inches  on  each  side  of  the  roadway  to  prevent  wheel 
hubs  from  striking  the  trusses.  It  is  to  be  laid  on  its  flat,  and  blocked 
up  from  the  floor  by  shims  at  least  one  (1)  foot  long,  six  (6)  inches  wide, 
and  two  (2)  inches  thick,  spaced  not  more  than  five  (5)  feet  between  cen- 
tres, each  shim  being  spiked  to  the  floor  by  four  (4)  four  and  a  half  (4J^) 
inch  cut  spikes.  The  guard-rails  are  to  be  bolted  to  the  floor  through 
the  centre  of  each  shim  by  a  three-quarter  (^)  inch  bolt,  which  must 
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Should  there  be  one  or  more  street-nuboiS 
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{NToperly  proportioned  to  resist  the  effect  ot 
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11.  Paved 
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fications.  Paved  floors  are  always  to  be  supported  by  a  reinforced  con- 
crete base  resting  on  steel  stringers,  preferably  of  rolled  I-beams,  spaced 
generally  not  to  exceed  five  (5)  feet  between  centres.  The  surface  of  the 
pavement  must  be  thoroughly  drained  so  as  not  to  retain  water. 

12.  Superelevation  on  Curves 

On  curves  the  outer  rail  must  be  elevated  the  proper  amoimt  for  the 
degree  of  curvature  and  for  the  assumed  medium  velocity  of  trains;  and 
this  elevation  must  be  framed  into  the  ties,  or  else  be  provided  by  raising 
the  outer  stringer  or  girder,  and  depressing  the  inner  one,  if  necessary. 
The  formula  to  be  used  for  total  superelevation  on  standard-gauge  roads  is 

E  =  — • 

where  E  is  the  total  superelevation  in  inches  of  the  exterior  rail  above 
the  interior  rail,  V  is  the  assumed  medium  velocity  of  train  in  miles  per 
hour,  and  R  is  the  radius  of  the  curve  in  feet. 

The  assumed  medium  velocity  of  the  train  in  miles  per  hour  shall  be 
taken  at 

7  =  42  -  1.75Z); 

where  V  =  speed  in  miles  per  hour, 
and     D  =  degree  of  curvature. 

The  total  superelevation  is  to  be  obtained  by  elevating  the  outer  rail  and 
keeping  the  inner  rail  at  grade.  The  run-ups  on  the  tangents  at  ends 
of  curves  are  to  be  not  less  than  forty  (40)  feet  long  for  each  inch  of  super- 
elevation. 

In  Fig.  8a  are  given  the  superelevations  required  for  curves  up  to 
twenty  (20)  degrees. 

13.-  Rerailing  ApparcUus 

Unless  the  Engmeers  give  written  permission  to  the  contrary,  at  each 
end  of  every  bridge  or  trestle  there  is  to  be  placed  a  rerailing  apparatus 
that  will,  in  the  most  effective  manner  practicable,  return  to  the  track 
any  derailed  car  or  locomotive  that  is  not  more  than  half  the  width  of 
track  gauge  out  of  line. 

14.  Spacing  of  Stringers  and  Girders  in  Railway  Bridges 

In  general,  stringers  for  through-bridges  shall  be  spaced  from  seven 
(7)  to  eight  (8)  feet  centres  for  single-track  bridges  and  from  six  (6)  feet 
six  (6)  inches  to  seven  (7)  feet  for  double-track  bridges  and  half-through 
plate-girder  bridges.  In  elevated  railroads  the  spacing  of  the  longitudinal 
girders  may  be  made  as  small  as  five  (5)  feet  centres.  Single-track,  deck 
plate-girders  may  be  spaced  from  seven  (7)  feet  to  ten  (10)  feet  centres. 
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16.  Clearanoea  far  Bailimtf^ 

In  single-track,  steam-railway  l^ridggea  ttt^: 
shall  not  be  less  than  that  shown  in  Fig.  23fiL 
for  double-track  bridges  also  by  increasing 
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feety  or  to  correspondingly  greater  widths  for 

On  curved  track,  the  horizontal  distance 
clearance  line  shall  be  increased  thus: 

Single-track  through  bridges  on  curves 
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W  =  the  lateral  clearance  from  the  centre  line  of  track  required  for  tan- 
gent alignment. 

M  =  the  middle  ordinate  of  the  curve  for  a  chord  equal  to  the  span  length. 

X  =  an  addition  for  the  overhang  of  a  car  85  feet  long  and  60  feet  from 
centre  to  centre  of  trucks,  to  be  taken  as  1  inch  for  each  degree  of 
curve. 

F  =  an  addition  in  inches  (on  the  inside  of  the  curve  only)  on  account 
of  the  superelevation  of  the  outer  rail,  to  be  taken  as  follows: 

sh 
Y  =  -r-,  but  not  more  than  3«, 
o 

where  «  =  superelevation  in  inches, 

and  h  =  height  of  top  of  car  above  base  of  rail  in  feet. 

For  double-track  bridges  the  increase  between  clearance  lines  shall  be 
effected  as  just  explained  for  the  case  of  structures  on  tangent. 

17.  Clearances  for  Highway  Bridges 

The  smallest  allowable  clear  roadway  shall  be  twenty  (20)  feet,  meas- 
ured between  curb  lines,  with  ten  (10)  feet  extra  for  each  additional  line 
of  traffic,  excepting  for  cheap  county  bridges,  where  it  may  be  reduced 
to  eighteen  (18)  feet,  or  even  to  fourteen  (14)  feet  when  the  bridge  is 
80  short  that  no  provision  need  be  made  for  teams  passing  thereon. 

The  smaUest  allowable  clear  headway  shall  be  sixteen  (16)  feet,  ex- 
cept for  bridges  in  cities  where  the  ordinances  require  a  greater  height, 
or  for  bridges  carrying  electric  railway  tracks,  in  which  structiu-es  the 
vertical  clearance  should  be,  preferably,  twenty  (20)  feet.  The  comer- 
brackets  may,  however,  encroach  on  the  specified  clear  headway,  provided 
they  do  not  extend  either  laterally  or  downward  more  than  five  (5)  feet. 

18.  Spacing  of  Tracks 

Steam  railway  tracks  shall  usually  be  spaced  thirteen  (13)  feet  from 
centre  to  centre  and  electric  railway  tracks  ten  (10)  feet  or  more  from 
centre  to  centre,  with  a  proper  increase  for  sharp  curvature. 

19,  Effective  Lengths 

For  pin-connected  or  riveted  trusses  the  effective  length  shall  be  the 
distance  between  centres  of  end-pins. 

For  plate  or  open-webbed  riveted  girders  it  shall  be  either  the  distance 
between  centres  of  bearing-plates  or  that  between  centres  of  pedestal  pins. 

For  stringers  it  shall  be  the  distance  between  centres  of  cross-girder 
webs. 

For  cross-girders  it  shall  be  the  perpendicular  distance  between  central 
planes  of  trusses  or  girders. 
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For  spans  under  twenty-five  (36)  or  HiSi^ 

For  spans  between  twenty-five  (36)  or  tbirfy 
and  ten  (110)  feet,  plate^pfdenu 

For  spans  between  one  hundred  and  ten 
and  ffity  (850)  feet,  riveted  tmssea  of  siliglfli 

For  spans  exceeding  three  hundred  and  fiRgp 
(NT  riireted  trusses  with  subdivided  panels.  >    >^i 

The  use  of  pony-truss  bridges  of  any  kind  Is 
only  half-throu^,  plate-girder  spans,  in  wfakh 
r^pkily  in  place  by  brackets  riveted  to 
to  exceed  twelve  (12)  times  the  width  of  the  top 

In  general,  double-track  truss-bridges  shall 
order  to  avoid  spreading  the  tracks.  }  ''^><^ 

or 
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22.  Styles  (jf  Highway 

In  general,  spans  of  and  below  twenty  (20)  feel 
beams  or  simply  wooden  joists;  spans  from  tw«M|^ 
feet  of  rolled  beams;  spans  from  thirty  (30)  to 
girders;  spans  from  sixty  (60)  to  one  hundred  (£M^ 
or  open-webbed  riveted  girders  of  sinj^ 
hundred  (100)  to  three  hundred  (300)  feet  at  n 
exceeding  three  hundred  (300)  feet  of  pin 

The  use  of  pony-truss  bridges  of  any  kinc|^^ 
only  half-through,  plate-girder  spans,  in 
ripdly  in  place  by  brackets  riveted  to 
erolly  not  to  exceed  twelve  (12)  times  the 
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23.  Forms  of  Trusses  for 

The  forms  of  trusses  to  be  used  are  as  f< 
For  deck-spans  having  top  chords  su] 
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ren  or  the  Triangular  truss  with  verticals  dividing  the  panels  of  the  top 
chords. 

For  other  deck-spans  and  through  spans,  up  to  three  hundred  (300) 
feet,  the  Pratt  truss. 

For  spans  exceeding  three  hundred  (300)  feet,  the  Petit  truss. 

For  through  spans  up  to  about  two  hundred  (200)  feet  parallel  chords 
are  to  be  employed;  but  for  longer  spans  the  top  chords  are  generally  to 
be  made  polygonal. 

It  is  understood  that  these  limiting  lengths  are  not  fixed  absolutely, 
as  the  best  limits  will  vary  somewhat  with  the  nimiber  of  tracks  and 
the  weight  of  trains. 

24.  Forms  of  Trusses  for  Highway  Bridges 

The  forms  of  trusses  to  be  used  are  as  follows: 

For  open-webbed,  riveted  girders  the  Pratt  truss,  or  the  Warren  or  the 
Triangular  truss  with  verticals  dividing  the  panels,  the  latter  being  em- 
ployed for  deck  spans  carrying  joists  resting  on  the  top  chords. 

For  riveted  spans  up  to  about  two  himdred  and  fifty  (250)  feet,  Pratt 
trusses  with  top  chords  either  straight  or  polygonal. 

For  spans  exceeding  two  himdred  and  fifty  (250)  feet,  Petit  trusses. 

It  is  understood  that  these  limiting  lengths  are  not  fixed  absolutely, 
as  the  best  limits  will  vary  somewhat  with  the  width  of  bridge  and  the 
live  load  to  be  carried. 

25.  Main  Members  of  RailvHiy  Trass-Bridges 

All  spans  of  every  kind  shall  have  end  as  well  as  intermediate  floor- 
beams,  riveted  rigidly  to  the  trusses  or  girders,  for  supporting  the  stringers. 
The  latter  are  to  be  riveted  to  the  webs  of  the  cross-girders,  and  shelf 
angles  shall  be  provided  to  support  them  during  erection;  but  the  rivets 
attaching  the  said  angles  are  not  to  be  counted  upon  to  carry  the  stringer 
or  its  load.  In  general,  all  trusses  shall  have  main  end  posts  inclined. 
All  trusses  shall  be  so  designed  as  to  admit  of  accurate  calculation  of  all 
stresses,  excepting  only  such  imimportant  cases  of  ambiguity  as  that  in- 
volved by  using  two  stiff  diagonals  in  a  middle  panel.  Coimterbracing 
shall  be  effected  by  using  stiff  diagonals,  as  no  adjustable  truss  members 
will  be  permitted. 

All  lateral  bracing  and  other  sway-bracing  shall,  preferably,  be  rigid 
both  above  and  below,  i.e.,  the  sections  must  be  capable  of  resisting 
compression,  adjustable  rods  for  such  bracing  not  being  allowed  under 
any  circimistances.  The  stiff  diagonals  of  lateral  systems  in  the  plane 
of  the  loaded  chords,  which  systems  are  generally  to  be  of  double  can- 
cellation, shall  be  riveted  rigidly  to  each  other  where  they  intersect  and, 
if  practicable,  to  the  stringers  where  they  cross  them,  and  shall  be  braced 
apart  so  as  to  transfer  in  an  effective  manner  the  thrust  of  braked  trains 
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All  floor-beams-  in  tnias  spans  are  to  be 
built  hangers. 

26.  Main  Members  €f  Bi^iMlf 

All  spans  of  every  kind  shall  have  end  iir 
beams,  riveted  rigidly  to  the  trusses  or 
or  stringers.    Steel  stringers  are,  prdmM^f  '^ 
of  the  cross-girders,  but  wooden  joists  are 
latter.    In  general,  all  trusses  shall  have  toaM 
trusses  shall  be  so  designed  as  to  admit  of 
stresses,  excepting  only  such  unimportant 
when  two  stiff  diagonals  are  used  in  a  middto 

In  the  trusses  of  important  bridges 
effected  by  using  stiff  diagonals,  but  in  ohei^ 
by  emplo3ring  counters  of  adjustable  rods. 

In  important  bridges  with  steel  stringers,  all 
sway-bracing  shaU,  preferably,  be  rigid  above 
tions  should  be  capable  of  resisting  oompM»i<ll|^ 
bracing  being  allowed  only  in  towers  erf 
lateral  systems  of  deck  bridges;  but  in  eheap 
and  other  sway  diagonals  may  be  adjustabliF 
of  lateral  qrstems  in  the  plane  of  the  load^: 
generally  to  be  of  double  cancellation,  dii0. 
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other  where  they  mtersect  and,  if  practicable,  to  all  the  steel  stringers 
where  they  cross  them. 

All  throughnspans  shall  have  portal  bracing  at  each  end,  properly  de- 
signed to  resist  the  greatest  wind  stresses,  and  carried  as  low  as  the  speci- 
fied clear  headroom  will  allow.  The  portal  struts  and  diagonals  shall  be 
riveted  rigidly  to  both  flanges  of  the  inclined  end  posts.  When  the  height 
of  the  trusses  is  great  enough  to  permit  it,  transverse,  vertical  sway- 
bracing  shall  be  employed  at  each  panel  point;  otherwise,  comer  brackets 
of  proper  size,  strength,  and  rigidity  are  to  be  riveted  between  the  posts 
and  the  upper  lateral  struts. 

Deck-bridges  shall  have  sway-diagonals  between  opposite  vertical  posts 
of  sufficient  strength  to  carry  one-half  of  a  panel  truss  live  load  with  its 
impact  allowance;  and  the  transverse  bracing  between  the  vertical  or 
inclined  posts  at  each  end  of  span  shall  be  sufficiently  strong  to  transmit 
properly  to  the  masonry  one-half  of  the  total  wind-pressure  (and  the 
centrifugal  load  for  spans  with  electric-railway  tracks  on  curve)  carried 
by  the  upper  lateral  system  of  the  span. 

In  important,  pin-connected  bridges,  the  suspenders,  the  hip  verticals, 
and  two  or  more  panel  lengths  of  bottom  chord  at  each  end  of  span  shall 
be  made  rigid  members. 

All  floor-beams  are  to  be  riveted  to  the  truss-posts  in  truss-spans, 
excepting  in  the  case  that  eye-bars  be  used  for  suspenders  or  hip  verticals. 
In  such  cases  floor-beam  hangers  may  be  used,  provided  they  be  made 
of  plates  or  shapes  and  that  they  be  stayed  at  their  upper  ends  against 
all  possibiUty  of  rotation.  , 

27.  Cordinuoua  Spans 

Except  in  the  case  of  swing-bridges  or  cantilevers,  consecutive  spans 
are  not  to  be  made  continuous  over  the  points  of  support. 

28.  Railway  Trestles 

As  a  general  rule,  each  trestle-bent  shall  be  composed  of  two  columns 
battered  from  one  and  a  half  (IJ^)  to  two  and  a  half  (2J^)  inches  or  more 
to  the  foot,  the  bents  being  imited  in  pairs  to  form  towers.  Each  tower 
thus  formed  shall  be  thoroughly  sway-braced  with  struts  on  all  four  faces, 
and  shall  have  four  (4)  horizontal  struts  at  the  base  and  four  (4)  more 
in  each  horizontal  division  plane  of  the  tower  bracing.  In  trestles  of 
moderate  height  it  is  permissiblo  to  adopt  from  one  (1)  to  three  (3)  or 
even  four  (4)  soUtary  bents  between  the  braced  towers,  which  bents  may 
or  may  not  have  rocker  ends. 

The  feet  of  the  colmnns  must  be  attached  to  anchorages  capable  of 
resisting  twice  the  greatest  possible  uplifting;  and  the  details  of  the 
metalwork  connecting  the  anchor-rods  to  the  columns  must  be  such  as 
to  make  the  metalwork  and   pedestals  act  as  a  single  piece,  so  that,  if 
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29.  Highwau  I^rai4(i|  .^^ 

In  genefaly  the  qiedfiealioiis  tot  ragfi^  liiiihii 
dewgning  highway  tresUes  (mt  viaducts,  except 
away-diagonab  df  towers  may  be  made  of 
aontal  struts  at  the  panel  pdntSi  provided  that 
to  the  columns. 

30.  Camber 

All  trusses  must  be  provided  with  such  a 
full  live-plus-impact  load  over  the  entire  tptat^  the ; 
taken  out  by  deflection.    The  actual  defonnatioQiiQf 
under  dead  load  plus  half  live-plus-impaet  loid 
the  tension  members  should  then  be  fabricated 
members  longer  than  their  lengths  under  the  abovn^ 
of  the  computed  deformations.    The  camber 
condition  ^ould  then  be  figured.    In  railway 
after  a  span  is  swung  may  be  taken  out  of  the 
unless  this  would  cut  too  deeply  into  the 
shallow,  open-webbed,  riveted  guxiers  are  not  to 
calculating  deformations  the  gross  areas  of  aQ 

Approximate  methods  of  figuring  camber 
amploH^an  trusses.  ,^ 

31.  Expanrion    ,  v 

Every  span  must  be  provided  with  some 
fiion  and  contraction  due  to  changes  of 
hundred  and  fifty  (150)  degrees  Fahrenheit  in 
(90)  degrees  in  tropical  ones,  combined  witll 
tom  chords  due  to  live  load  and  impact. 
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Spans  up  to  fifty  (50)  feet  in  length  may  slide  on  planed  surfaces;  but 
those  of  greater  length  must  move  on  nests  of  turned  rollers  and  must 
have  rocker  bearings. 

32.  Aruihorage 

Every  span  must  be  anchored  at  each  end  to  the  pier  or  abutment 
in  such  a  manner  as  to  prevent  the  slightest  lateral  motion,  but  so  as 
not  to  interfere  with  the  longitudinal  motion  of  the  trusses  or  girders  due 
to  changes  of  temperatiu^e  or  of  loading.  All  bearings  shall  be  secured 
to  the  masonry  by  fox-bolts  not  less  than  one  and  a  quarter  (1^)  inches 
in  diameter  for  girder  spans  or  one  and  a  half  (1^)  inches  for  truss  spans. 
When  the  structure  is  subject  to  possible  uplift,  anchor  bolts,  efifectively 
attached  to  the  superstructure,  shall  engage  a  mass  of  masonry,  the  weight 
of  which  is  at  least  twice  the  greatest  possible  uplift. 

33.  Name-Plaiea 

Name-plates  having  thereon  the  names  of  the  designer,  manufacturer, 
and  builder  and  the  date  of  erection  must  be  attached  in  a  durable  manner 
and  in  a  prominent  position  to  every  bridge  and  trestle. 

Loads 

34.  Loads  for  RaUvxiy  Bridges 

Bridges,  trestles,  and  elevated  railroads  are  to  be  designed  to  sustain 
properly  the  greatest  stresses  produced  in  them  by  any  of  the  following 
loads  or  by  any  combination  of  them  which  may  reasonably  be  expected  to 

occur. 

« 

A.  Live  Load. 

B.  Impact  Load. 

C.  Dead  Load. 

D.  Uplift  Load  (for  swing  spans  only). 

E.  Direct  Wind  Load. 

F.  Lidirect  Wind  Load  or  Transferred  Load. 

G.  Vibration  Load. 
H.  Traction  Load. 

/.     Centrifugal  Load. 

J.    Effects  of  Changes  of  Temperature. 

35.  Loads  for  Highway  Bridges 

The  loads  to  be  considered  in  designing  highway  bridges  and  trestles 
are  the  following;  and  all  parts  of  such  structures  are  to  be  proportioned 
to  sustain  properly  the  greatest  stresses  produced  thereby  for  all  reason- 
able combinations  of  the  various  loads,  excepting  only  that  the  Uve  load 
and  the  wind  load  cannot  act  together,  unless  the  structure  carry  an  elec- 
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£a  sbi^track  brk^^  onl^r  cme  of  tfae 
lued  to  any  span;  but  in  bridgee  bavinf  t(0i^ 
even  tbree  daases  of  loading  may  be  cdq^lo^reiil^ 
qpan;  for  instance,  a  certain  heayy  loiwi 
the  next  lighter  load  for  the  floor-beams,  aina  f  Mp 
tniSBes,  thus  utilising  the  theory  of  pitAiaMtttlttti  t^^^ 

For  elevated  nuhx)ads  and  for  the  bfidges  i# 
loads  are  to  be  taken  from  Figs.  Clf  to  On, 

The  equivalent  live  loads  given  in  the 
and  6^  to  6n  inclusive  are  to  be  used  in  matdag 
instead  of  the  actual  wheel  concentrations. 

In  applying  these  curves,  the  span-lengths 

For  stringers,  a  single-panel  length;  for 
suspenders  with  their  corresponding  secondaiy 
lengths;  for  hip  verticals  of  Petit  trusses,  foul? 
all  main  truss-members,  the  length  of  span. 

In  calculating  the  stresses  caused  by  a  untC 
load  shall  be  assumed  to  cover  the  panel  in 
considered;  but  the  half^panel  load  going  to 
be  ignored;   or,  in  other  words,  the  unifonn 
concentrated  at  the  various  panel  points. 

In  decknspans  on  sharp  curves,  after  the 
and  the  centre  lines  of  the  longitudinal 
mate  extra  live  load,  if  any,  on  the  outer 
the  curve  of  the  rail  beyond  its  centre  line 
puted  and  added  to  the  regular  live  load;  ImiiI 
of  dead  load  from  the  flooring,  being  snoal^ 
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eafsoAfff  skkrwalks,  one  aidewidk  on^  atfif 

|«  rli»  ooMUknd  loaded  when  proportioiuiig  <lie  bettn^ 

fnw  mettiben  of  «&  Mdgesy  aad  '^/lAmptc^^ 

.iMuiHilfiBifaenr  of  all  sDans  of  Icbb  than  onefaundsid  (1101^ 

^C9iai  Ay  and  of  all  spans  of  less  than  eitgtity  (80)  feet  tir 

B  fuid  C.    In  all  other  cases  both  of  the  sidefmlk8  and 

M;Gc»i8idered  loaded.    The  eccentric  loadSsogiaiTm 

But|  when  a. bridge  has  only  one  esterioc  pi|^ 

eccentric  loading  is  to  be  ooximdered  to  act  19011 

JMMrer  trussi,  and  the  sidewalk  is  to  be  considered  empty 

yOwses  in  the  farther  truss.    Flpor-beanis  of  bridges 

sidewalks  are  to  be  proportiraied  on  the  assump- 

roadway  is*loaded  and  the  sidewalk  or  sidewalks 

« that  the  main  roadway  is  empty  and  the  side* 

'l^adbd,  due  account  being  taken  of  the  effect  of 

specified. 
;^eaSway  bridges,  in  calculating  the  stresses  caused 
Ibildy  the  said  load  shall  be  assumed  to  cover  the 
panel  point  considered;  but  the  half-panel  load 
pand  point  will  be  ignored;  or,  in  other  words, 
^be  treated  as  if  concentrated  at  the  various  panel 
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loads  given  m  Fig.  6p  are  to  apply  only  to  the 
jfxui  secondaiy  truss  members.    They  are  sup- 
length  of  the  main  roadway  to  the  exclu- 
;^2ifire  (excq^ting  only  the  electric  railway  ^^ 
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>.,Jt^--- 
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Igr  He  strootnre  is  to  be  adopted.    Tldb  llii 
jiJMtiied  to  ooeupy  ton  (10)  feet  in  iridt%  et^fill^^ 
liie  4paa  to  the  exdiiiiea  of  aU  otbiBr  S^ 
Hie  equivalent  unifomi^  dietribatod  fivtr 
Wltilk  6(f  to  6ft  iDchwvei  are  to  be  Joaed  iA4»i 
inttead  (tf  the  eraoentniitioiia  juet  npmMeA.   '  ^^ 
:  .^Rie  floor  qrateiii  and  the  aeeoiidbay 
foe  these  deetrio4roin  loads  when  passiiic 
heavy  wagon-load;  and  the  trusses  as  a  ndssii^ 
udfodn  load  found  hy  eemUnmg  the 
eonsideriiig  it  to  occupy  ten  (10)  feet  of 
paet  allowancei  with  the  regular  iiniform  Hips^ 
ftoor  on  the  remaining  width  of  dear  roadiMqf» 
hnpaet  allowanoci  provided  that  the  eqmvaleiit^ 
for  the  cars  plus  the  proper  impaet  alfewasusev 
for  a  ten  (10)  foot  width  of  roadway  phis  lis 
it  should  not  so  exceedi  the  regubur  uniform  JSvi 

38.  Impact  Laad$       ^ 


For  steam-railway  bridges  the  impact 
the  following  formula, 
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^  f ; « 


nL  + 160 


^ 


where  n  is  the  number  of  tracks  and  L  is  the 
which  must  be  covered  by  the  moving  load  in 
mum  stress  on  the  piece  under  consideration, 
puted  from  the  above  formula  for  loaded  lengths 
feet  and  for  one,  two,  three,  and  four  tracks.        .  -^^ 
The  corresponding  formula  for  electric-railwai|:| 

120      ^ 

nL  + 176         ^^J 

-^ 
and  Fig.  Id  gives  the  corresponding  curves. 


For  highway  bridges  the  formula  is  J  i- 


In  this  case  n  is  equal  to  the  total  clear 
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%«Kj^  a«din^4.    b  maa  ^bat  ^la  iii^ 
Jill  WfoiiM^J&tef^^  Thave 
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li^Km  there  k  to  be  an  impftct  aUawanoe  far.  i|i^ii  f 

^^0^14  be '«l^  Bhodk  due  to  etarliiig  ^  ||mii  Iv 

llle  Sve-Ioad  uti'copco.    In  ewing  qwna  eod^  l|||^^ 
y^Bi|>|l^  be  ^H^ied  to  all  truss  uMiiberB  aiiil  their 

4i)sd  ^  vertical  Bit  bridges  to  the  oohmiiia  ef  ^bi* 
ioDeB«  the  ecii]atiaen«  the  hanfffitf.  aiul  a&  ike^ 


Lw  ■•., -^. 


9d.  IkadLoad 

ifor  ipirders  and  trusses  is  to  inehide  the  wdi^t  of  aS 

_  eqncretey  and  o&er  materials  In  the  superstrueturey  ex- 

^ik0^Miam  jfMsrtions  resting  directly  on  the  abutments,  the 

:^  not  affect  the  sfaosoes  in  tiie  trusses;  also  any  other 


4>><-.«>  i>. 


il  .ti.  ■ 


^r:^^ 


load  (such  as  snow)  that  may  be  carried  fajf 
liiiil  nviglitB  are  to  be  assumed  in  estimating  the  dead^ 
foaduber,  four  and  one-half  (4^  pounds  per  foot  board 
luud^  woods,  four  and  a  quarter  (4)^  pounds  per  foot 


i^-"- 


■  'W-'^^j  ' 


fm  ^iree  and  three-quarters  (3^  pounds  per  foot  boaid 


<il-.  .'-■>'. 


other  soft  woods,  two  and  three-quarters  (2$^  pounds 
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fi|SteningB,  seventy  (70)  pounds  per  lineal  foot  per 
heavy  rails  be  emplcqred,  in  which  case  the  prer- 


^k^'^'H^ 


(Qite  hundred  and  forty  (140)  to  one  hundred  and 
pjim  foot,  according  to  the  character  of  the  stone 
f||p4aotiae.    F<Mf  reinforced  concrete  five  (5)  pounds 

unit  weights, 
binder,  one  hundred  and  twenty  (120) 


hi':' 


Jupdred  and  tcarty  (140)  pounds  per  cubic  foot, 
ninety  (49&)  pounds  per  cubic  foot. 
and  fifty  (450)  pounds  per  cubic  foot. 

&r  masonry  or  concrete  arches),  one  hun> 
loot 
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>i*  K^< 
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s  .;31i6ie  iS|  ^  8iioitlid;bey  a  ociiiadBPidUki 
■pia  when  it  is  ready  fcNr  tiuTel,  eauaed  Ig^ 
awiiMilkiif r^thii  uolift  Mr  truss  cr 
fiSf!l^  entire  dead  load  carried  by  eiti 

ifja^igf.  l^ben  ibe  span  is  bdoig  swung,  wbi^ 
&e^fdkywing  table:  ^ 

TABLE  786  *' ' 

Ratios  of  Upuft  to  Diad  Load  voa 


Up  to  ISC. 
150'to250'. 
250' to  350'. 
350'to450'. 
Over450'.. 


These  uplifts  are  to  be  adopted  both  for 
trusses  and  for  proportioning  the  end-lifting 
ever,  that  for  the  latter  purpose  no  assumed 
than  twenty  thousand  (20,000)  pounds  for 
less  than  forty  thousand  (40,000)  pounds  for 
For  light  highway  bridges  the  inferior  limit  l^ 
ten  thousand  (10,000)  pounds  at  each  of  thU 
When  uplift  stresses  tend  to  increase  the 
to  be  duly  considered,  but  when  they  tend  ttt^'i 
ignored. 
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41.  Wind  Loads  for  Railroad  Bridges 

For  steam  railway  bridges  the  wind  loads  per  lineal  foot  of  span  for 
both  the  loaded  and  the  unloaded  chords  are  to  be  taken  from  the  curves 
given  in  Fig.  96.  The  wind  loads  for  the  loaded  chords  include  a  pres- 
sure of  three  hundred  (300)  pounds  per  lineal  foot  on  the  train,  the  centre 
of  which  pressure  is  applied  at  a  height  of  eight  (8)  feet  above  the  base  of 
rail.  For  determining  the  requisite  anchorage  for  a  loaded  structure,  the 
train  of  empty  cars  shall  be  assumed  to  weigh  one  thousand  (1,000)  pounds 
per  lineal  foot. 

In  trestle  towers  the  columns  and  transverse  bracing  shall  be  propor- 
tioned to  resist  the  following  wind-pressures  in  addition  to  all  other 
loads: 

First.  When  the  structure  is  loaded,  six  hundred  (600)  poimds  per 
lineal  foot  on  stringers  and  cars,  concentrated  at  a  height  of  one  foot  above 
base  of  rail,  and  two  hundred  and  fifty  (250)  poimds  for  each  vertical  foot 
of  each  entire  tower. 

Second.  When  the  structure  is  empty,  three  hundred  and  fifty  (350) 
pounds  per  lineal  foot  on  stringers,  assumed  to  be  concentrated  one  foot 
above  the  centre  of  stringer,  and  three  hundred  and  fifty  (350)  pounds 
for  each  vertical  foot  of  each  entire  tower. 

The  wind  loads  for  longitudinal  bracing  are  to  be  taken  as  seven- 
tenths  (0.7)  of  those  for  the  transverse  bracing. 

In  figuring  greatest  tension  on  columns  and  anchor-bolts,  computa- 
tions are  to  be  made  for  both  the  loaded  and  the  unloaded  structure, 
in  double-track  trestles  placing  the  train  of  empty  cars  on  the  leeward 
track. 

The  wind  loads  of  the  upper  lateral  system  shall  generally  be  assumed 
to  be  carried  to  the  ends  of  the  span  by  the  said  lateral  system,  no  part 
thereof  being  considered  to  travel  down  by  the  intermediate  vertical 
sway-bracing. 

All  wind  loads  are  to  be  treated  as  moving  loads.  No  percentage  of 
impact  is  to  be  added  to  wind  loads. 

Wind  loads  for  swing  spans  are  specified  subsequently  in  this  chapter, 
as  are  also  those  for  the  design  of  the  machinery  of  vertical  lift  and  bascule 
bridges. 

In  vertical  lift  bridges  the  towers  are  to  be  figured  for  a  wind  load 
of  fifteen  (15)  pounds  per  square  foot  with  the  movable  span  in  its  highest 
position  and  for  one  of  thirty  (30)  pounds  per  square  foot  with  the  said 
span  in  its  lowest  position,  the  longitudinal  wind  load  on  the  span  being 
taken  as  seven-tenths  (0.7)  of  the  transverse. 

In  bascule  bridges  the  structural  portions  shall  be  designed  for  a  wind 
load  of  thirty  (30)  pounds  per  square  foot  with  the  span  closed,  and  for 
one  of  fifteen  (15)  pounds  per  Square  foot  when  the  said  span  is  in  any 
other  position. 
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(aSOf)  poiinds  per  HMkil 

:^l^  4ii«iNiai8  were  figured  loir  < 
1^  Victor  sianietures,  tbe  ir^  ImAI  |dI: 
emiied  two  (2)  p^  cent  for  eaeh  fbot.^ 
"^^-jiiDA  kiadi  g|Ten  on  tiie  (fiagrate  j^^ 
disflipifl  fcMT  rimple  qiMuns  iq[>  to  seiren 
but  bey<Hid  this  limit  th^  hare  been 
ing  qpians  of  greater  ktogtb  than  tbb^  it  i^ 
aoBumed  wind-pressure  after  the  see^kms  t^^ 
tenAly  of  twenty-five  (25)  pounds  per  aijpiii^ 
ployed  in  preparing  the  curves  varied.£rQii| 
short  fspesDA  to  twenty-five  (25)  pounds  for 

For  viaducts  carrying  highway  traffib' 
empty  structure  is  to  be  assumed  as  t&ea 
•Uneal  foot  on  the  spans  at  the  level  of  th# 
fifty  (250)  pounds  for  each  vertical  foot  of  , 

loads  for  longitudinal  bracing  are  to  be  talsatt^lil' 
those  for  the  transverse  bracing. 

For  elevated  railroads  and  for  viaducts 
wind  loads  are  to  be  taken  as  dght-tentfas 
ndbroad  bridges. 

All  wind  loads  are  to  be  treated  as  mown/i  liMii^l 

For  all  highway  structures  the  live  load  iiki 
be  assumed  to  act  together,  excepting  only  tiu^ 
load  must  be  taken  as  acting  in  conjunction  witll^ 

Wind  loads  for  swing  spans  are  specified 
as  are  also  those  for  the  design  of  the  machinerjrloiF 
bridges.  '*' 

The  wind  loads  for  the  design  of  the  toweMi 
bridges  and  the  structural  portions  of  bascule 
the  same  as  those  specified  for  railway  bridges. 
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43.  Indirect  Wind  Load  or 
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For  through  truss  spans  with  inclined  end 
top  chords,  the  transferred  load  is  to  be 
in  the  leeward  bottom  chord  that  is  oonstaofel 
and  a  similar  release  of  tension  on  the 
trusses  with  parallel  chords  this  assumption  |i| 
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llqwold  by  moltiiriyuig  (xie-half  of  tbe  toUd 
ttie  TOtiMil  distanoe  between  the  pomt  of  eoota^ 
iiiiiliiirt  ettd  met  aod  the  hio  aiMs:  and  diTUBas  tiie  wodooi 
__  #it«bee  betweea  central  pduieB  of  traiMB.  >    ;  ^^-' 
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44.  VibraiumtLoad 
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tibe.idbiratkm  load  is  a  transverae  kadiiig^  fBMt^ 

toadi  aiyplied  to  the  lateral  bracing  ooiy.   ICfai 

M^lptoctu^  aie  not  to  be  added  to  any  other  stresfljoji,  ifei 

^"  fo  enntfe  miffieient  sectional  areas  for  lateiial  niaaibeiy 

piop^  lA^^    for  the  strueture  as  a  whole.    For  liiS 

^^€^;dtt0U^  and  deck  spans  and  for  viaduct  toweiB  its  yahte 

^'  %  S0v^  bundled  (700)  pounds  per  lineal  foot  for  sini^ 

|ii^  e||^t  hundred  and  fifty  (850)  pounds  per  fineal 

iAift^^        For  the  unloaded  chords  the 

Mtj^^  hundred  (300)  and  ihree  hundred  and 

'  "P  i^^  stresses  caused  by  vibration  loads,  tfaqf 

j^  jsqombred  as  advancing. 

and  dectric-nulway  bridges  are  not  to  be  fliplicid 
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load  on  any  portion  ci  a  starueture  is  to  be  takm 

j^frentage  of  the  greatest  live  load  that  can  be  placed  oil 

Mifii  structure.    For  devated  raibroads  and  electric-rail* 

IpMrtaBe  is  to  be  taken  as  twenty  (20);  and  for  railway 

"^iSi^f^sn^iisd  hy  the  formula, 
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i.  ■    im  ' 


^.^".- '.^rf'^' 


■^ 


hi  feet. 

taken  from  Ilg.  Os. 

towers  and  columns  of  ndlway  trestles  and  ele« 

towers  and  columns  between  consecutive  expan- 
to  receive  no  aid  from  neighboring  towers 

be  figured  for  the  greatest  possible  traction  load 
ezpansiim  points.  No  percentage  of  im- 
loads.  There  is  to  be  no  traction  loading 
Ibey  cany  electric-railway  tracks. 
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|idiili|iw  of  tbe  jtewl^^  i|i^f 
to  qany  piopcfir  i^^ 

applied  five  (6)  feei  al]^ 

ta  tnuBes  <jue  tp  tbe  IzanflicvQMP, 
dF  tho  IfttcaBl  braciog  shall  bo 
pfodiioed  in  tbe  laterals  aad  6bxk6$topE^^ 
fybg  this  load  to  the  ends  of  the  spaiiu 
eeotrif  ugal  load  on  the  structure  as  a  wIm^ 
Hie  effect  of  the  shifting  of  the  centre  of 
superelevation  of  the  outer  rail  shall  also  l^tefatfl^ 
as  the  effect  of  the  eccentridly  cl  the  load dlia  to  jK"^ 
track.    No  percentage  of  impact  is  to  be  adcted^  lo^ 
There  is  to  be  no  centrifugal  loading  for 
carry  electric-railway  tracks. 


47.  Effects  of  Changes  qf 

In  ordinary  structures  changes  of 
stresses  in  the  members,  provided,  of  coursei 
taken  to  permit  unrestricted  expansion 
arches,  excepting  only  those  hinged  at  both  ebds 
stresses  caused  by  the  assumed  extreme  chaQgfiil,J^j 
be  computed  and  duly  considered.    Tempera1^d|$' 
given  proper  consideration  in  all  steel  trestles, 
points  are  placed  farther  apart  than  the  length 

WORKINO  StRBSSBS 

48.  Intensitiee  of  Working. 

The  following  intensities  of  working 
inch  of  crossHsection)  for  medium  and  rivet 
for  all  cases,  except  as  hereinafter  specified  to 
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Tension  on  gro^s  sections  of  eye-bars  and  reinforcing 
bars,  on  net  sections  of  all  built  members,  and  on 
net  sections  of  flanges  of  all  beams 16,000  lbs. 

Bending  on  pins 27,000  lbs. 

Bearing  on  pins 22,000  lbs. 

Bearing  on  shop  rivets 20,000  lbs. 

Bearing  on  end  stiff eners  of  plate  girders  (outstanding 

legs  only) ; .   16,000  lbs. 

Shear  on  pins 15,000  lbs. 

Shear  on  shop  rivets 10,000  lbs. 

Shear  on  plate-girder  webs,  gross  section 10,000  lbs. 

Bearing  on  expansion  rollers,  in  poimds,  where  d  is  the 

diameter  of  the  roller  in  inches 600  d. 

For  field  rivets  the  intensities  for  bearing  and  shear  are  to  be  reduced 
twenty  (20)  per  cent. 

Turned  bolts  with  driving  fit  are  to  be  stressed  the  same  as  field  rivets. 

CJompression  in  pounds  on  struts  with  fixed  ends,  16,000  —  60—. 

r 

CJompression  in  pounds  on  struts  with  hinged  ends,  16,000  —  80  - . 

r 

Compression  on  gross  section  of  flanges  of  rolled  beams  16,000  lbs. 
Compression  in  pounds  on  gross  section  of  flanges  of  built  beams, 

16,000  -  200y. 

0 

I 
Compression  in  pounds  on  forked  ends,  10,000  —  300-t-. 

V 

In  these  compression  formulse  I  is  the  unsupported  length  of  strut, 
flange,  or  jaw-plate  in  inches,  r  is  the  least  radius  of  gyration  of  the  strut  in 
inches,  b  is  the  width  of  the  flange  in  inches,  and  t  is  the  thickness  of  jaw- 
plate  in  inches. 

The  intensities  of  working  stresses  for  nickel  steel,  established  on  the 
basis  that  the  least  allowable  elastic  limit  (determined  by  the  drop  of 
the  beam)  in  specimen  tests  is  55,000  pounds  per  square  inch  for  plate- 
and-shape  steel  and  60,000  pounds  per  square  inch  for  eye-bar  steel,  are 
to  be  as  follows.  In  case  that  a  still  higher  grade  of  nickel  steel  is  pro- 
curable, all  the  intensities,  excepting  those  on  rivets,  are  to  be  multiplied 
by  the  ratio  of  the  higher  elastic  limit  to  55,000  or  60,000,  according  to 
the  character  of  the  steel  under  consideration. 

Tension  on  gross  sections  of  eye-bars 28,000  lbs. 

Tension  on  net  sections  of  all  built  members,  and  on 

net  sections  of  flanges  of  all  beams 26,000  lbs. 

Bending  on  pins 45,000  lbs. 

Bearing  on  pins 35,000  lbs. 
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flor  fidtf  fiveto  and  turned  bcto  ivtth  diMii 
liiMlBg  Md  diear  a^  to  be  twenlg'  (20)  fwi 

"':ifif0tfll^'-- '  ^  .--;-,  IT.  ::^ig 

CkuDttOMBoti  in  pounds  on  strata  wHlt  ^""' 

CJbmpvesBion  in  pounds  on  strata  irttlt  *^"*^"^-*' 
Oonq^iBBBion  on  gross  section  of  flanfBS  of 
don  cm  gross  seetion  of  flanfss  ipl 

CkwipresBion  in  pounds  cm  forked  end^  ^^^fi^^i 

in  these  compression  formuI»y  as  bef^i^  im^ 
of  tbe  strat,  flange,  or  jaw-plate  in  indies,  r  is  tt# 
of  tbe  strat  in  incbes,  b  is  tiie  width  of  the  flanjifi 
thickness  of  the  jaw-plate  in  inches. 

All  the  preceding  figures  {(x  both  carbon  stidi 
total  equivalent  static  loads  without  wfaid  kjttii 
latter  are  also  included  the  said  figures  in  the 
are  to  be  increased  thirty  (30)  per  cent.*  M 
which  are  subjected  to  wind  loads  alone  are  to^  ,^ 
as  truss  members  for  equivalent  static  loadi  wiHi 
dicated  in  the  clause/' Ck>mbination  of  Stresses^'f . 
tioDS  of  loadings  may  legitimately  stress  the 
per  cent  above  the  ordinary  limits.  i  $i 

The  intensities  of  working  stresses  for        ,,*7" 
subsequently  in  this  chapter. 

For  the  various  kinds  of  timber  used  oi 
the  intensities  of  working  stresses  in  bending  on 
the  proper  impact  is  added  to  the  live  load,  shalji 

Long-leafy  Southern  yellow  pine .^^ 

Douglas  fir  or  Pacific  Coast  cedar .v'^?^ ' 

White  oak. * 

Cypre88 '^ 

Short-leaf  yellow  pine .^^ 

V 
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In  all  cases  the  actual  and  not  the  nommal  dimensions  of  timbers  are 
to  be  used  when  figuring  their  strength  by  the  preceding  intensities. 

49.  Bearings  upon  Masonry 

All  bed-plates  must  be  of  such  dimensions  that  the  greatest  pressures 
^  on  the  masonry,  including  impact,  shall  not  exceed  those  given  in  the 
following  table. 

Material  Permioible  Pressure 

xTAov^uw  pgj.  gquare  Inch 

Ordinarily  good  sandstone 200  lbs. 

Yellow  pine  or  oak  on  flat 250  lbs. 

Extra  good  sandstone  (not  metamorphic) 300  lbs. 

Hard  brick  laid  in  Portland  cement 360  lbs. 

Ordinarily  good  limestone 400  lbs. 

Portland  cement  concrete 500  lbs. 

Extra  good  limestone 550  lbs. 

Granitoid 600  lbs. 

Metamorphic  sandstone  of  best  quality 650  lbs. 

Granite 800  lbs. 

50.  Compression  and  Shear  in  Reinforced  Concrete  Beams  and  Slabs 

The  greatest  intensities  of  simple  compressive  stress  in  reinforced  con- 
crete beams  and  slabs  shall  not  exceed  six  hundred  (600)  pounds,  except 
over  the  supports  of  continuous  beams  where  an  intensity  of  seven  hun- 
dred (700)  pounds  will  be  permissible. 

The  greatest  intensity  of  shearing  stress  in  reinforced  concrete  beams 
and  slabd  shall  not  exceed  the  following  values: 

1.  For  beams  and  slabs  with  horizontal  bars  only  and  without  web 
reinforcement,  40  poimds. 

2.  For  beams  and  slabs  with  at  least  a  half  of  the  longitudinal  rein- 
forcement bent  up  over  the  supports,  60  pounds. 

3.  For  beams  and  slabs  thoroughly  reinforced  with  web  reinforcement, 
120  pounds. 

In  calculating  the  intensity  of  shearing  stress  the  depth  from  the 
centre  of  compression  to  the  centre  of  the  steel  shall  be  used. 

51.  Reversing  Stresses 

In  the  combination  of  stresses  of  opposite  kinds,  distinction  is  to  be 
made  between  the  conditions  of  reversal.  If  the  cause  thereof  be  wind, 
the  effect  of  reversion  is  to  be  ignored.  Reversals  due  to  live  load  com- 
bined with  impact  are  to  be  divided  into  two  classes:  first,  those  which 
occur  in  succession  during  the  passage  of  a  live  load  over  the  structure, 
and,  second,  those  which  are  caused  by  diflferent  loadings.  In  the  first 
case  each  of  the  two  kinds  of  stress  is  to  be  increased  by  seventy-five  (75) 


:Jir^^^r^^i*'-fi^^^ 


^-i--.-- 


vsfe^^^^-" 


a'- 


qrataDs  in  all  fliMiift  mart  faer 
Uff!l0$  VkUve  load  oi  twmty-ftre*^) 
MM^^      exceed  twmi^Hfive 
toiiig  J^tq^         if  requifed  Iqr  thk 


'^^- 


^'i^ 


-^-  '•-->' 


''^J 


•  > 


>!* 


•f^^ 


Tilt  ott  Beetum  of  a  tenaioEi  member  must  b# 
diavmily  and  sigiag  Unes  (rf  rivet 

rf(Ml^n^^1M^^^  shear  and  tendon  on  all 
area  of  audi  diagonal  aeeticHia  can  be  detmnriiweit' 
The  diameters  of  the  rivet  holes  shall  be 
diameters  of  the  rivets  befwe  driving. 

In  dwrigning  built  members  eare muakbt 
of  the  section  of  any  component  part  therieaf 
rivets  is  not  taken  greater  than  the  value  o£ 
said  rivets;  and  that  the  differ^ice  betwesn 
any  two  points  is  not  taken  greater  than  th^ 
veloped  by  the  connecting  rivets  between  the 


54.  Effective  Bearing  Aml^ 

The  effective  bearing  area  of  a  pin,  a  bolt, 
eter  multiplied  by  the  thickness  of  the  piece, 
rivets  one-half  of  the  depth  of  the  countei^^ 
they  are  machine  driven  and  the  whole  thereof  lAm 

65.  Bending  Mamente  and  Shedn 

Pins  are  to  be  proportioned  to  resist  the 
stresses  produced  in  them  by  the  bars  or  stnita 
figuring  the  bending  moments  on  pins,  the 
concentrated  at  centres  of  bearings. 

56.  Combinations  of 

In  plate-girder  spans  and  the  girders  of 
stresses  that  need  to  be  considered  are  those 
dead,  and  centrifugal  loads.    The  trusses  of 
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enwe:  as  iiwee  ibe  dement  of  iudividual  jodgiaeBfr  i^  I 
^iiliMiih Jracft"  ibe  Yaiioue  loads  and  in  wnwiinimr  ^the  aKM 
eMifliet.1^ 

Stibiafr'ttie  flgiiiii^  of  stresBes  and  aeeticttiat  af^'- 
iol  iralfai  diaU  be  don^a^  follows: 

Jfli^aot)  ioeiitrifii^al  load,  and  dead  bMid,  liUsh  4l»^ 

■ 

-l|yN#loaf(^  kopaet,  coilarifugal  loadi  dead  Umd,  and  windi 
^%s^^4^^  effect,  witb  an  excess  of  tfaiHy  (30) 

j^npaoti  ooitrif  ugal  load,  dead  loadi  wiiid  loe4  tttr. 
lM|l^pirot|iroi  witb  an  excess  of  forty  (40)  per  eenfeofvffi . 
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^n|Miet|  eentrifugal  load,  dead  load,  traction  load^ 
HQ^  ijBXoaaa  of  forty  (40)  per  cent  over  the  usual  inr^ 


lllipict,  centrifugal  load,  dead  load,  traction  load, 
(torey  witb  an  excess  of  fifty  (SO)  per  cent  over 

jKHnstanent  of  combinations  of  stresses  and  intensities 
sbttS  apply  also  to  arch  structures  having  less  than 
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stress  shall  be  allowed  for  a  combination  of  wind 
stresses  only,  or  for  a  combination  of  traction 
4kd^;  but  for  combined  wind  and  traction  stresses 
^*^    "ion,  and  centrifugal  stresses  an  increase  in 
Hpipm*  cent  will  be  allowed.    These  restrictions 
between  the  loaded  chords. 
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57.  Bending  an  Indimi  tM( 

In  proportioning  inclined  end  posts  of  iraMs 
a  combination  of  all  the  loads  herein 
caused  by  the  wind-pressure  which  travels 
to  the  pier  or  abutment,  the  extreme  fibre  may  '1N| 
per  cent  higher  than  the  intensity  specified 
the  bending  moment  being  computed  on  the 
end  post  is  (leld  in  line  by  the  top  and  the 
bracing  and  fixed  at  the  bottom  by  its  comie^tiiittf 
the  end  floor-beam.    The  position  of.  the  point 
taken  from  Fig.  16cl. 

58.  Bending  Due  to  Weight 

If  the  extreme  fibrenstress  resulting  from  the 
only  of  any  member  does  not  exceed  t^i  (10) 
intensity  of  working-stress,  the  effect  of  sudl^ 
but,  if  it  does  so  exceed,  its  effect  must  be 
other  stresses,  using,  however,  for  d 
intensity  of  working  stress  ten  (10)  per  coat 
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59.  General  Limits  in  Designing  Railway  Structures 

No  metal  less  than  three-eighths  (%)  of  an  inch  in  thickness  shall 
be  used,  except  for  filling-plates. 

No  channel  less  than  ten  (10)  inches  in  depth  shall  be  used  except 
for  lateral  struts,  in  which  eight  (8)  inch  channels  may  be  employed. 

No  angles  less  than  3"  X  2}/^"  X  H  "  s^^  b®  used,  except  for  lacing. 
The  length  of  unsupported  outstanding  legs  of  angles  in  compression 
shall  not  exceed  twelve  (12)  times  their  thickness  for  main  members  or 
fflxteen  (16)  times  their  thickness  for  lateral  bracing. 

No  eye-bars  less  than  six  (6)  inches  deep  or  one  inch  thick  shall  be 
employed;  and  the  depths  of  eye-bars  for  chords  and  main  diagonals 
shall  be  not  less  than  one  fifty-fifth  (Yss)  of  the  length  of  the  horizontal 
projection  of  same. 

The  shortest  span  length  for  trusses  with  polygonal  top  chords  shall 
be  one  hundred  and  seventy-five  (175)  feet. 

The  limit  of  span  length  in  which  the  stringers  can  be  riveted  con- 
tinuously from  end  to  end  of  span  shall  be  two  hundred  (200)  feet.  Be- 
yond this  limit  sliding  bearings  must  be  used  at  one  or  more  intermediate 
panel  points;  and  in  no  span  shall  there  be  a  length  of  continuously  riv- 
eted stringers  exceeding  two  hundred  (200)  feet. 

For  all  compression-members  of  trusses  and  for  columns  of  viaducts 
and  elevated  railroads  the  greatest  ratio  of  unsupported  length  to  least 
radius  of  gyration  shall  be  one  hundred  (100),  excepting  those  members 
the  main  function  of  which  is  to  resist  tension.  In  these  the  limit  may 
be  raised  to  one  hundred  and  twenty  (120). 

The  greatest  ratio  of  unsupported  length  to  least  radius  of  g3rration 
for  struts  belonghig  to  sway  bracing  shall  be  one  himdred  and  twenty  (120). 

For  all  horizontal  or  inclined  main  or  bracing  members  in  tension, 
the  length  of  the  horizontal  projection  of  the  unsupported  portion  of  the 
member  shall  not  exceed  one  himdred  and  fifty  (150)  times  the  radius 
of  gyration  about  the  horizontal  axis. 

60.  General  Limits  in  Designing  Highway  Structures 

The  following  general  limits  shall  be  adhered  to  in  designing  highway 
bridges  and  viaducts. 

The  length  of  any  bracket  cantilevered  beyond  a  truss  or  girder  shall 
never  exceed  seven-tenths  (/{o)  of  the  perpendicular  distance  between  the 
central  planes  of  adjacent  trusses  or  girders,  unless  there  be  more  than 
two  trusses  to  the  span. 

No  metal  less  than  five-sixteenths  {%s)  of  an  inch  in  thickness  shall 
be  used,  except  for  fiUing-plates;  and  in  important  bridges  this  limit  shall 
be  increased  to  three-eighths  (^  of  an  inch. 

No  channel  less  than  six  (6)  inches  in  depth  shall  be  used,  except  for 
lateral  struts,  in  which  five  (5)  inch  channels  may  be  employed. 
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61.  5moibe  Ph><aee<d«i '"^fil 

Metal  which  is  subjected  to  the  action  of 
corrosive  gases,  in  addition  to  being  extra 
thickness  increased  either  one-sixteenth   (X^)  l#»^^ 
(/^  of  an  inch;  otherwise  all  paint  shall  be 
tection  used  instead.  /^  ( 

62.  Oeneral  Principles  in  Designing 

In  designing  all  structural  metalwork  the 
invariably  to  be  observed: 

All  members  must  be  straight  between 
or  ties  will  under  no  circumstances  be  alio 
arched  ribs. 
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trertleB,  and  elevated  railroads  the  thrust  from  braked 

WI0ii^mxuA  be  carried  from  the  stringers  or  longitudinal 

l|r  columns  without  producing  any  horisontal  bending 

or  the  lateral  diagonals. 

ipipfvisited  railroads,  the  columns  must  be  carried  up  to 

ers  or  longitudinal  girders,  and  must  be  effeo- 

no  case  will  it  be  permitted  to  cut  off  the 

biW9-gird«rs  or  longitudinal  girders  on  top  of  same. 

Hdso  as  a  beam  must  have  a  solid  web  or  webs 

bending,  as  no  reliance  shall  be  placed  on  lacing 

down  the  column. 

railroads  every  column  must  be  anchored  so 

tiitti-  failure  by  overturning  or  rupture  could  not 

irf  the  foot,  if  the  bent  were  tested  to  destruction. 

must  be  reduced  to  a  minimum,  without, 

number  of  rivets  requisite  for  strength  and 
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In  all  splices  and  connections  the 
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part  have  at  least  the  same  proportional  strength 

In  all  main  members  having  an  excess  kA 
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In  this  connection,  though,  the  reduced  capaottgR 
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Designs  must  invariably  be  made  so  thataQ 
shall  be  accessible  to  the  paint-brush,  except 
which  are  in  contact  with  each  other  or  with 
ment  rules  out  all  closed  columns  of  6very 

The  bottom  flanges  of  all  girder  spans  and 
the  masonry  by  not  less  than  six  (6)  inches^  ; 
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In  general,  details  must  always  be  proportioned  to  resist  every  direct 
and  indirect  stress  that  may  ever  come  upon  them  under  any  probable 
circimistances,  without  subjecting  any  portion  of  their  material  to  a  stress 
greater  than  the  legitimate  corresponding  working-stress. 

In  all  designs  simplicity  in  both  main  members  and  details  is  to  be 
considered  of  the  greatest  importance. 

In  all  structures  rigidity  is  to  be  deemed  quite  as  important  an  element 
as  mere  strength. 

Structures  on  skews  are  to  be  avoided  whenever  it  is  practicable  to 
do  so. 

The  use  of  more  than  a  single  system  of  cancellation  in  bridges  shall 
be  confined  entirely  to  lateral  systems  and  sway-bracing,  except  that  at 
mid-panels  of  trusses  two  rigid  diagonals  connected  at  their  intersection 
may,  for  appearance,  be  employed,  provided  that  either  diagonal  shall 
have  sufficient  strength  to  carry  the  entire  shear  m  tension,  and  that  the 
adjacent  vertical  posts  be  figured  accordingly. 

The  use  of  redundant  members  in  structures  shall  not  be  allowed, 
excepting  only  in  the  case  just  mentioned  of  rigid  mid-panel  diagonals. 

In  all  designing  true  economy  must  be  given  the  utmost  consideration, 
and  no  useless  material  must  be  employed,  every  pound  of  metal  in  the 
structure  having  a  legitimate  function;  but  economy  of  material  must 
not  be  quoted  as  an  excuse  for  using  inferior  details  or  scamping  the 
work  in  respect  to  strength,  rigidity,  or  appearance. 

In  all  structural  work  the  subject  of  sesthetics  must  be  duly  considered; 
and  all  designs  are  to  be  made  in  harmony  with  the  principles  thereof,  to 
as  great  an  extent  as  the  money  available  for  the  work  will  permit  or  as 
the  environment  of  the  structure  calls  for. 

• 

63.  Riveting 

In  railway  bridges  the  rivets  used  shall  generally  be  seven-eighths 
{J4)  mch  m  diameter,  smaller  ones  being  employed  for  small  channel 
flanges  and  legs  of  angle-irons  less  than  three  (3)  inches  wide.  In  heavy 
work  the  rivet  diameter  should  be  increased  to  one  inch,  and  in  very 
heavy  work  to  one  and  an  eighth  {lyQ  or  even  one  and  a  quarter  (IK) 
inches.  In  highway  bridges  for  ordinary  work  the  rivet  diameters  may 
be  made  three-quarters  (^)  of  an  inch. 

For  very  long  grips  tapered  rivets  are  to  be  employed. 

The  proper  diameters  for  rivets  in  flanges  of  channels  are  as  follows: 

Depth  of  channel 6" 

Diameter  of  rivet J^" 

The  pitch  of  rivets  in  all  classes  of  work  in  the  direction  of  the  stress 
shall  never  exceed  six  (6)  inches,  or  sixteen  (16)  times  the  thickness  of 
the  thinnest  outside  plate,  nor  ever  be  less  than  three  (3)  diameters  of 
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*3tii  r  |li0  ;ilvetB  n^ben  cbimn  xtuist 

The  rhret-heada  must,  in  jeurali;  Mr 
ijbiwlf wfi  a|ge  for  tha  saiMHriiad  timtii 
faft'iiiMiAfar  made  <aiid  ooiieeiitrio  witik  {the> 
jpindi  tlie  ooimeo^  pieees  togethiBv;^ ;  »    <i«<'^# 

i  Bivets  with  flat  heads  shall  be 
hcng^t  or  thickness  %&  the  flat  head^riian 
ioeh.*.  :  ,■  -.v  ui/,  :^^;^ 

In  important  members  livets  shaU:  ^M|ik%|^r 
^kkness  less  than  one^half  of  tibe  dia«si|i|^ 
flattened  heads  shall  be  assumed  to  hains  flii^^ 
strength  of  rivets  that  have  full  heads.       'yA^h^. 

Flanges  of  stringers  and  girders 
ties  shall  have  enough  rivets  to  transmit 
and  the  vertical  shears  from  flange  to  webw 

Rivets  carrying  calculated  stress  and  hAviqf 
diameters  shall  be  increased  in  number 
additional  sixteenth  inch  of  grip. 

Wherever  posisible,  all  shop  rivets  shall  %^^ 
machines  must  be  capable  of  retaining  the^ 
upsetting  is  completed.  j/i 

Field-riveting  must  be  done  with  a  bn 
rivets  must  be  hemispherical,  and  no  rough 

Wherever  possible,  all  field  rivets  shaB 
power. 

All  rivets  in  splice  or  tension  joints  are  to 
so  that  each  half  of  any  tension  member  or 
same  uncut  area  on  each  side  of  its  centre  line* 

No  rivet  is  to  have  a  less  diameter  than 
plate  through  which  it  passes,  unless  the  holepf 

The  effective  diameter  of  any  rivet  shall; 
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l|%lA  iA<^       qpaoed  ^yaun^BrioaUy  about  the  eehtre  Mb 

Ji4l(rttti^^qil(  tiio  (2)  feet  six  (6)  incbes  betnett 

IbeaiDs  per  lail  may  be  used  where  a  vecy  Ioqk 

§o6t%kietDeBiiiy;  and  hi  ttis  eaeeone of  ^e  beanp 

Atod^f  liider  liie  rail,  and  the  Other  two^  spaieed  tgmi?^ 

of  said  rail,  and  prefenAi^  one  (t)  Ibtil^ 

ib^  Whei^  a  ooncrete  dab  enoaislxig  tite  beaniaiid^ 

^irtifi4ai^  of  f^         is  neoeesary.    In  eaae  a  edneiNfitti^' 

beams  Imd  grips  th^  top  jQangea  dfeetively  i  tMi 

irittbeafeaiiieartieadiend;  and  thk  may  be^eit)£Ml0# 

WiUmuihb  eneaaed  solidly  in  the  abutments.    Whm4ir 

1lf^f0§M^  tfaete  shall  be  a  bradng  frame  irt  each  mifWoii- 

fse^irtayed-  by  ^agonal  bracing  of  angles,  riveti^id  ti^ 

iMii^te  lis  near  to  the  top  flange  as  is  praeticaUe.    Where' 

|Nar  trade  are  employed,  the  braoing  should  be  ^aeed 

bsdyoas  onl^y,  and  solid  web  diaphragms  should  be 

tblBtas  earrying  each  rail  at  each  panel-pdnt  of  tiie 

la  to  have  at  each  end  a  pair  of  stiffening  angles, 

^^iies  in  case  the  end  shear  require  it.    Hiese  angles 

azid  bottom  against  the  flanges.    Under  each 

IS  to  be  riveted  a  bearing  plate  of  proper  area 

UMI' than  three-quarters  [^  of  an  inch)  to  distribute 

tiie  masonry,  the  said  plate  to  be  continuous  under 

each  rail;  and  it  is  to  be  bolted  to  the  masomy 

,  one  and  one-quarter  (1^)  inches  in  diameter, 

i6ot  into  the  masomy.    Where  the  ends  of  the 

In  the  concrete  of  the  abutments,  the  bearing 

llnd  in  this  case  the  end  stiffeners  are  unnecessary 

^alone  are  able  to  distribute  the  load  properly 

may  also  be  omitted  in  case  a 
solidly  be  used. 
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Spibee  .(8)' W'alx^  (iQ'  liiebeB,  loi^^iRM^ 
liihrifotffflid  coPBWte  baae.    The  ^edffisatites  Idr 

y^Et  €9C6ept  ill  tll6  MM  cf  ft 

|i9|«^      an  open  timber  ded:^  1^ 
like  ^  SftDgeB  of  the  beauOA  e8b^^ 
be  omitted.    The  bearing  plafte  al  ea^ 
1|e%  1^      five-eighths  (5^  mct^i,  and  geiieii^ 
for  eadi  beam.    Two  fox  boUa  p<^  Beaoi' 
qoeKluarter  (1^  iDches  in  diameter  aiiil 


Kf^i 
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Stete^cdeiB  ahali  have,  preferab^jr,  a  depth 
(/d)  of  the  q^aiu    AU  pdate-ch^dera,  ^tHbenev^w  H  ia 
bitUt  without  qdicee  in  the  web;  and  when  aueli 
malleat  poadUe  number  of  them  ahall  be  adopted,  h 
iiTeti  for  the  spliees  shall  be  such  as  to  devekqi  iiir 
strength  <rf  the  net  section  (rf  the  web,  the  maia 
ftom  flange  to  flange  and  having  generally  iiasxi^  i^)  01^ 
side  of  the  joint,  and  being  figured  to  take  care  a(.#M| 
dL  the  portion  of  the  web  th^  cover,  and  also  tb^ 
the  entire  web.    The  bending  strength  of  the 
by  the  flanges  shall  be  cared  for  dther  by  splii 
tical  legs  of  the  flange  angles,  (Mr  else  by  the  exoeaa 
at  that  point.    There  must  be  sufficient  rivets 
develop  the  bending  strength  in  a  distance  not 
the  stresses  on  the  said  rivets  due  to  the  increments  ^< 
duly  considered.  t<  v . 

Splices  in  flange-plates  and  angles  must  alwayifcil 
ficiently  long  plates  and  angles  are  procuraUe. 
unavmdable,  they  must  be  so  located  that  nQ  tn^ 
flange  or  the  web  shall  be  spliced  within  two  (2}rl|ifc 
so  that  no  flange-splice  shall  occur  at  any  pokait 
excess  of  sectional  lu'ea  above  the  theoretical  reqi 
continuous  flange-piece  shall  be  fully  spliced  so  t%||i 
and  rivets  shall  have  a  calculated  strength  at  least 
than  that  of  the  section  spliced.    Field-qilicing  of 
be  allowed  for  fixed  spans,  except  in  structures  foi 

At  least  forty  (40)  per  cent,  and  preferab^ 
section  must  consist  of  angles  or  of  angles  ami; 
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ii^ii^  of  tiiese  oove^plates  musC  be  such  aii  to  101^  ^l^lil 

not  teas  tiiim  e|#itete  (18>  isiOm  he^foad  tbi  j|ej^ 

toar  ^  raqnuBte  radsteaee  fo  hm^titi^:^^^ 

ttM^'  e<yv^e9^ldatdB  per  flange  ai^  used,  thegr  akeB  bier^ 

te^  flball  deerease  in  tMeknesB  outward  6^  tlieiHi||^ 

|K|iiN|tt^         not  extend  nM»e  than  four  (4)  inches  or  eii^  i$9 

i^W^biftiidf  the  outer  ^te  bqrond  the  outer  Hne  bfrtveta.    1fnk 

iii^  iQiati  fd^^     (14)  inches  iride,  four  (4)  finee  of  xifeli 

ltllii//ttia^^  of  plate-ghxlen  du^  g«Mra%  be  made  of  Ibi 

HsMioiDL  ae  the  tenrioa-flanges;  and  they  sh^  preCeraUjry  bi^ 

laieittQjr  that  this  eectikm  wiH  be  suffi  Tlie  unsuf^rarted 

eiii&presfllcm  flange  diall  not  exceed  twdve  (12)  tiines  Its 

W^^Mk  i^niars  <m  tangent  and  for  through  girders;  but  far  deck 

Wtmrtm  the  said  unsupported  length  shall  not  exceed  nx  (6) 

"iriitth.    For  deck  girders  supporting  ties  on  the  top  flanges 

best  to  aydd  the  use  of  oover-platefs.    Where  two  an|^ 

suflkient  section,  the  flange  should  be  compoeed  of  fow 

iMlgei  of  the  vertical  legs  in  contact  and  having  side-friitea 

vertScid  legs  when  required. 

there  are  to  be  bracing  frames  at  the  ends,  andin  spurn 

hi^  and  over  also  at  noitermediate  points  not  m<»e  than 

ifwl  apirt;  and  there  is  to  be  an  effective  system  ci  diagrmal 

between  the  top  flanges  of  the  contiguous  girders  for 

iior  deck  spans  ci  seventy  (70)  feet  and  over  there  is  to  be 

of  diagonal  bracing  betweoi  the  bottom  flanges. 

deck-spans  over  sbcty-five  (65)  feet  long,  a  i^ystem 
diall  be  used  between  the  two  inner  girders,  as  w^ 
Jiair  oi  iprders  under  each  track.    Intermediate  faradng 
1^  used  between  the  girders  of  adjacent  tracks. 

qMms  the  girders  are  to  be  divided  into  panels  not 
^Irrive  (12)  times  the  width  of  the  flange,  and  tliere 
bf  ireb  plate  and  angles  at  each  end  of  each  cross-prder 
fop  flange  ot  the  longitudinal  gurder,  so  as  to  stay  the 
^hie  bracket  must  extend  inward  to  the  standard  clear- 
not  be  permissible  to  disp^ise  with  the  steel  stringers 
%i  the  bottom  flanges  (Mr  upon  special  shelf  angles, 
er  spans  are  generally  to  have  a  rigid,  double-cah- 
*  of  angles  riveted  together  by  plates  and 
imd  to  the  bottom  flanges  of  the  steel  stringers, 
f  but  if  a  steel  larough  flocn*  be  used,  the  laterab 
%i  ^Ab  last  case  brackets  rimilar  to  those  above 
i|tteed  shall  be  riveted  to  the  trouc^ 
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fMift  dl  AattMr  aM^cs  iilttit 
imed  five  tiumsand  (5|OO0)  pbittid* 

||#*l^ir^  feet  «^  (^ 

j^liaia^atl^      fitteHB  fluali  mth  thj9  |taii0^ 
^(pOTf^  b0  caninped..  !(PJ|i^gi^ 

flljff^yif^  ^ii^l^^  diiUl  est€Qd  as  netiiiy  fui 
ff ;4^  ftMsgia  Allies,    llicy  miirt  have 
1^  cpb^  to  eacry  the  ent^  eod  lAear^  i 
i|B^  hitensity  of  workine-etrefl^i  no  reliaooe  Mi^ 
Tliieil^ter  shall  have  the  aame  thidoieBB  m  i^ 
tuma  of  intermediate  stiffening  ani^  sfaidl  niibifeli 
tjpi  the  foUowing  table:  ,  ,.  yr,*yW 

TABLE  78c  ,    j,^. 

Intbbmsdiatb  Stdpfbnxbs  foe 


V !• 


t  J  n-<  -  >  ( f  M 


Ootatanding  Leg  of  Flange  Angle 


... ,  .J .  ti 


8"— for  giidera  over  nine  (9)  feet  in  depth *  *^;vv4 

8" — ^for  girders  up  to  nine  (9)  feet  in  d^th 

s" , ;......  V 

6" 


4t'  and  under. 


^^ 


#<!^ 


ijd 


^1 
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In  proportioning  the  flanges  of  plate  girdas,, 
gross  area  of  the  web  is  to  be  assumed  as  con< 
gravity  of  each  flange;   or,  in  other  words,  after 
sectional  area  required  for  the  tension-flange  l^  i( 
of  the  web  to  bending,  there  is  to  be  subtracted 
{}/Q  oi  the  gross  area  of  the  web-plate. 

At  the  ends  of  ail  plate  girders  there  must  be 
flange  to  transfer  properly  thereto  from  the  web 
total  end  shear  and  the  vertical  load  thereOn  in  n. 
effective  depth  of  the  girder.  -  i 

At  the  ends  of  cover-plates  the  spacing  of 
the  covers,  for  a  length  equal  to  at  least  twice 
not  exceed  three  (3)  inches.  7.l^i 
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^^^^-^f^w^^^ 


n^-ij 


fJ^v 


Mn 


^^i^ 


X^^-^i^ 
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"^Bt  MilS)l0  ttfi^tiMC*  .  TbiBr  mAnimuixnL  mlliiMiitJii.  jjiiiiiiiif'  "  ^ 

tbi  '(U-^inidMii  attd  tliei^  auMit^  bel  fidieloiiMl  ill  diiifc^iHifc 
riK^  iniJit  be  bolb^  maaonqr  by  Icnir  ^)  Jv^l^^ 

H4^  ^JMhfli  in.  diametork  esKtasidiiift  caflblMiL 

|iil^;ia,JBiidi^  nitbout  imb  shoes  ahaU  baYetbe  Mfe 

mmtowtJot  th9 didins  fliiffsce  horisoDLtal.  4.  iU 

iifi^Jht^yM  Bii^^  Ptai§>4Xfdtr  Spans  WUhmd  S^B: 

'ii^^^ti-'i ,'-'    T-?\;'--:  Floor  9lf$k9n($  *'^.'l^^ 

^^''^^■■-'-g^jjpi^'^  this  typOi  tiie  spedficatibiis  f or  itihray 
to'l^e  followed  m  geiieral.  ^e  depthii  of  the 
;  b^  iu>t  kss  than  iMie-twetfth  {%)  d  ikeir  ^^m^y^Tfiik 
^^eH&iecM^^  (%i)  mch  thick  will  gcaiahdly  be  pm^ia0^ 
"^l^rilm  ikitenned^     stiffening  angles  as  small  as  two  ajDiii'.k 
i^iiid  a  half  (2^)  inches  may  be  used.    For  light,  cT 
of  the  lateral  systems  and  sway  frames  may 
rods.    The  minimum  diaoaeter  of  rollers  in  exp$;^idosk 
(4)  inches.    For  H|^t  structures  rockerHendiai  and  rdters 
'iSiily  in  spans  exceeding  seventy  (70)  feet  in  length. 
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for  Highway  f  PUxte-Oirder  Spam  with  Sted  Floor 
Systems 


.k'^Mw-i 


<ai?thi8  type  there  will  generally  be  two  lines  (rf  longitih 
at  about  the  quarter-points  of  the  CToes-sedaoa,  tibe 
^j0iiibe  roadway  being  supported  by  croes-i^ers  between 
while  the  out^  portions  are  carried  on  cantilever  bradEsts 

no{  each  cross  girder. 

fihcnddt  prrfenU^ly,  be  rolled  I-beams  or  channel  Hm 

used  for  intermediate  stringers,  and  the  latter  lor 

|iN»l8ito  of  the  structure.    They  shall  be  proportioMd 

finertia.    Their  l^igth  riiall,  preferably,  not  exceed 
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-  •' ».. 


m 


-iflhw^ibii^  'ivifrliftvo  -A  anifaBii  -beaiiBK  'iigiiDtl  ^4iMi 

Sl^gMMBly  ^bsfr  ^^  1^  tkrigned  in  mM»iuom 
^fimi^imdy^  ip^^  lor  the  i^nkni  of  nikotd 
jbiitM^  t^^  0f  metal  is  to  be  fiyeHBazteoiitki 
latefanmii^  j^  iKii^  used  for  intefsamfiate 
CSi|^  Iqr  two  and  a  half  (2H)  iiieheB.  Due 
ti^ibe  effeote  on  the  floar-beam  ot  Eve  loada  oat 
bi  figuring  the  riTet  pitcAee  m  the  flangea  ol  tke" 
Beeount  shall  be  taken  of  the  effect  of  the  ineUnaHsii 
ISie  effect  of  votical  loads  on  the  top  flabgea 
liver  beams  must  be  considared  when  figuring  tiv#> 
^ISeoers  are  to  be  faced  or  otherwise  treated  so  ip^ 
ifltt  have  a  unif onn  bearing  against  the  webs  ol 
the  bottom  flanges  of  the  cantilever  brackets  are 
a  full  bearing  on  the  said  webs.  The  bottom 
must  be  similarly  faced  when,  as  is  usuali  iik^ 
the  same  depth  as  the  cross-girder.  Whoi  ^ 
two  horizontal  angles  milled  to  bear  on  the  md 
cross-girder  shall  be  placed  on  the  cross-girder 
flange  of  the  cantilever.  These  angles  dudl  have 
outstanding  legs  to  carry  the  entire  thrust  bom  th^t^ 
of  the  cantilever,  and  shall  be  connected  to  the  iIrbII* 
by  a  suflicient  number  of  rivets  to  transfer  ther^ 
angles  shall  not  be  crimped,  but  shall  have  fillers 
The  entire  tension  from  the  top  flange  of  the  cam 
for  i^  a  strap  plate  riveted  to  the  top  flange  eti 
cantilever,  which  shall  preferably  be  at  liie  same 
the  top  of  the  upper  flange  of  the  main  gbrder 
elevation. 

The  top  flanges  of  the  cross-girders  are  to  be 
not  to  exceed  twelve  (12)  times  their  widths, 
that  the  gross  section  of  the  tension  flange 
sion  flange.    These  supports  will  generally  be 
or  by  the  flooring  directly.    The  bottom  flangs 
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kngtii  flfaiA  ncit  tamed  imibre  (12)  tfauet  ito  i»iiiy 

itf  eiti#ie€ti^^  «Ktttd  dcmA  to  the  tettoitt  Ikmiji^ 

l^t^lflBf^  iruiiedy  tibk  trift  stay  tile  gtofagwi ioiigUklfr 

4»g(AiBl  bmeiBK  betiveen  the  ootiMd  Hues  of 

q^stam  18  imudly  to  oondfrt  of  a  double^oancdytotion^  (iylitit 

at  the  devatioa  <tf  the  Ixyttom  of  the  flooi4)eaiiifl.  Thepi 

^  ge^eiallsr  to  be  oompoBed  of  two  aii|^  riveted  bade  '1»- 

'i^pfsomsAtm  tat  tzactioii  forces  will  be  neoeBBary,  unlen  the  etniof 

^fMetptasie  railway  toacks  oa  aa  opoa  timber  deck.    In  thia  4jatie 

tiiM  per  flp0a  is  to  be  formed  at  the  devation  of  the  bote» 

itriogeiti  eaziTing  thedectric  railway^  to  transfer  the  tiaotiar 

MMa  fffAem.    the  laterals  should  be  utilised  for  a  portion  of: 

^ease  they  are  ctose  to  the  bottom  of  the  stringers. 

eodof  eadi  eadioor-beam  there  is  to  be  provided  asolid* 

jrilveted  to  the  bottom  flange  of  the  flocH^beam  and  to  tiM 

vr  Wfb  vi  the  main  girder^  in  onto  to  transfer  the  trans* 

<4tirfr  to  the  dioes»    Should  there  be  no  end  fioor4)eam  at  ooa 

I  an  openrweb  bracing  frame  should  be  riveted  to  the  enli 

iqi  as  high  as  the  (Edaing^B  will  permit.    In  kng 

IJMiBld  be  usedy  at  each  end  of  eadb  intermediate  floor-beaaa^i' 

of  one  or  two  an^^  extending  from  the  bottom  of  said 

to  the  bottom  flange. 

of  the  main  gurders  shall  in  general  conform  to  the  epe^U*^ 

j^/0rders  of  railroad  plate-girder  spans.    Metal  as  thin  as 

ineb  may  be  used.    The  length  should  preferably 

(12)  times  the  depth.    The  top  flange  should  be  so 

IBIiUpported  length  will  not  eicceed  twelve  (12)  times  its 

9  so  that  the  gross  area  of  the  bottom  flange  will 

M'tho  upper  flange.    In  case  a  concrete  floorHslab  is  used^ 

IP  the  top  flange,  so  as  to  stay  it  effectively  $  but  with  a 

Jidianoe  can  be  placed  on  the  stiffness  of  the  floor,  and 

yilitfl  be  assumed  to  be  stayed  only  by  the  cross-girdei% 

bracing  of  angles  be  employed  to  stiffen  it  at  the 
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the  ahoes  must  conform  to  the  specifications  for  raii^ 
except  that  for  light  structures  the  diameter  of 
rlie  amall  as  four  (4)  inches,  and  that  rocker-ends  and 
(Utt^A  oofy  tot  spans  exceeding  seventy  (70)  feet  in 
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0$BlkB;iQ^  ihe  reaficm  that  ihey  itM  qi^  ito^ 
:ip6iltefei»P3r  as  plate  i^eiB.    In  cise,  tlioiq^^ 
i^iiiBtaiioe  in  elevated  railroads  boedpying  ^iiity^^ 
provided  with  short,  substantial  vrob-pfatsii  it 
mediate  pointd  where  conneetions  are  made  te 
will  it  be  permissible  te  use  flato  instead  of 
tees  may  be  employed,  provided  their  heads  to 
satisfactory  riveted  connections.  •    y;^ 

At  all  intersections  of  web-members  with  ohcl^ 
plates  are  to  be  used;  for  it  is  not  permissible  to atla# 
to  chord  angles  without  using  an  in 
gusset  plates  shall  be  proportionate  to  tiie  stresses^lKr 
their  resistance  both  to  shearing  out  through  the 
the  direct  and  the  bending  stresses  induced  by;lfttf' 
to  them  shall*  invariably  be  ample.    The  exact  i 
all  the  gravity  lines  of  girder-members  assemUini^ 
adhered  to  in  the  designing  of  open-webbed,  riveted^ 

In  designing  all  riveted  connections,  the 
to  make  connecting  plates  and  groups  of  rivete 
(rf  stress,  especially  where  passing  from  riveted 
in  the  case  of  a  riveted  span  with  hinged  ends  at 

In  all  other  particulars,  the  designing  of 
is  to  comply,  wherever  practicable  and  proper,  witi 
plate-girder  and  riveted-truss  spans. 
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:t^^^ 


^i6f  io^  iBB#BS  lit  ite  ic^ 

ftii||e»'  •  •  •  •  .-ir:I^t;1|3%cfc^v 

4tta  fiemod^  iw  eonqmed  of  t^'^roUdd^ir^ll^ 

>tte  Meneotb^  diagcmals  in  the  entM  panel 

el  ponds,  wlitoh  ebeuld  iiMally  4>e 

the  form  (rf  an  I.    Secondary  diagooak  mmf  be  ittiMia 

;^  WiiMrMiHti  >'  gjrmnmHy  loHed-^-or  f oar  ang|ee  in  tlM  f ovln  4f  iw^ 

mtoA^htmi  to  misb^  tompreariim  rniart  be  laee^xliiiii 

^jie^eFbittmi^Blm  about  time  (3)  feet  6«n  eeiilMMili 

•istitfiiiMr-    'I^  ehannele  of  diagonab  will  emfiaal^ 

^^uMd ittwatd.  •;>■:    //i| 

(ffmeitSfy  be  eoihpoeed  of  four  angleB  in  the  form  ef  an^l^ 

ireb  oir  a  sini^e  line  of  batten  plates.    For  heavy  eeislaeil^ 

iiMied  or  buflt  elwanelsi  with  two  &ies  ot  batten  piMMi 

fbese  duumds  mil  geiMaUy  hare  thefar  iGhyigee  ttiiMi 

If  ihnrds  in  short  span  l^ridges  will  usually  be  eem|icged 

'te^'liie  form  of  an  I,  with  a  sint^e  line  of  lacing  in^e  eiid 

tMtttit  i^tes  in  the  central  panels.    The  use  of  a  eenlMl 

^duteble;  and  iR^en  employed,  drain-hdies  about  tw^ 

NiBitiMtter  should  be  used,  spaced  about  thiree  (3)  feet  from 

For  kmger  spans  the  bottom  chords  shall  generally  be 

^chlmnels  having  the  flanges  turned  inward,  with  two 

>Idi  iha  end  pands,  and  two  lines  of  batten  plates  hi  the 


hi 


itruti,  overhead  transverse  struts,  and  web-stiffeolm 

iy,  be  made  of  four  angles  with  one  line  irf  lackg^ 

^%m  said  angles  be  spaced  very  far  apart,  as  hi  lateral 

dnniually  deq[>  top  chords,  they  are  to  be  placed  on  the 

>^  wi^  their  legs  inward,  and  laced  on  all  f our  f aees 

lormecL 

angiles  riveted  back  to  back,  or  even  a  fBDi|^\air^ 
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^  -|il^^        be  bialt  of  £(Wrttiig)fiB^  M 
<;^^^ll^    Imt^  for  Btnwtaw  friiflie^^l^^ 
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me  of  metali  two  of  tbe  aiii^  iiiBe  ils 
<i^  be  aadttedi  thus  malmig  eed^  striit  eoofliifeiQi 
;,9idedf  ol  ooune,  tbat  mi6f6  the  sbmts  craiS'tiMij^ 
JjMted  by  two  plateB  of  Mq>Ie  «ie.    Tfali 
dbgcmab  Is  to  be  avmfed  whenever  it  eaa  be 
Mfiiiirtal.    la  no  case,  tfaou|^  win  it  be 
^iOL  tlttit  axe  not  capable  of  fiiOpesAf  leristing 
.#10  n^tpupd  for  the  apeeified  limit  of  latio  of 
^sdaiis  of  tgratkm^ 

In  dssignhig  transverse  lateral  and  ororhmd 
tions  H  must  be  remembered  that  thrir  main 
tibe  chords  or  posts  to  place  and  line,  and  not  mm^Sff^ 
tte  greatest  calculated  durect  stresses  to  whidi 
For  this  reason  such  struts  must  have  amfde. 
the.  connecting  plates  at  their  ends  must  gi%>  bledl 
effectivdy.  "-*f  >i 

Stringers  for  truss-bridges  shall  almost  kivaiiiiii| 
and  anises,  and  no  cover-plates  will  be  allowed  l# 
d^ths  diall  be  made  not  less  than  the  most  ecoBomif  ^ 
weic^t  of  metal  required,  provided  that  tiie  bridga 
and  never  less  than  one-twelfth  (/^)  df  the  sui^J 
allowed  in  their  flanges  nor  any  in  their  wdbs, 
long  web-plates  are  procurable.  The  comp: 
of  the  same  gross  section  as  the  tension-flanges; 
stiffened  that  this  section  shall  be  ample  to  care  for  thi 
and  under  no  circumstances  shall  the  unsupported 
(12)  times  the  width  of  flange.  Rigid  diagmifll 
variably  to  be  used  between  the  top  flanges  of  stringora^ 
frames  are  to  be  employed  at  all'  expansion  points^Ti 
exceed  thirty  (30)  feet,  there  shall  be  a  bracing 
tween  the  stringers  pertaining  to  each  track,  birt 
adjacent  tracks.  In  respect  to  intermediate  stiff< 
the  rules  governing  those  for  plate-girder  spans 
the  end  stiffeners  are  to  be  faced  or  otherwise 
stringers  of  exact  length  throughout,  and  so  as  to 
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/te iMMiiiciiiiiMe  cl  flattflfis  aad  woBBhet  €i  AvtltBWBuAsi^ 
'^INa^^iA^  to  spply  aiflo  to  sMncNCfp,  ^jjl^ 

ifAiui^    Whereme  H  k  necoawMy  to  notdi  onl^^ti^^- 

;^li&  4KlDfltt  ;to  prQiri<^  aa  adequate  mMna  lor  tnaiflfoffiiigC|h#^s 

vililicmt  miNU^  sfaraogtli  or  tba  rigMi||i^/ 

Ibioiil^b-tdkli^  tbe  web  of  t|ie  eranhf^er  wa  be  diiidMf 

ao.  as  to  let  tbe  eod  portiom  project  above  the  top  flailie 

tbat  will  aSord  opportuni^  far  uaiiig  an  ample  aimir. 

<giiMa  to  eoQiieei  to  the  poets,  and  that  wMl  rtrengthen  propecljr 

totally  the  tfaruet  of  trains  from  the  stringers  to  tbe  trussea 

lover  lateral  diagonals,  tbe  latter  and  the  strinesrs  are  to 

Jftimt  oomi^eto  borisontal  trusses  by  running  an|^  betw^ 

itba  l0Vil  of  the  bott<Hn  flanges^   In  sint^e-traGk  faridgBs  Ibm^ 

pm  panel  nmning  transversely  between  stringsrs  at  1^ 

allihe  latter  with  the  diagonals  will  suiSice;  but  in  doiiAdaf 

lima  wift  be  required  one  such  angle  per  panel  betweea^ 

jhio  cBagonal  angles  per  panel  to  run  fr<mi  wher^  tilt 

iataraect  the  outer  stringers  to  where  the  inner  stringeii 

^iHjiiii  gfedera,  and  dthar  one  or  two  diagonal  angles  per  piinel 

#ii||pa  one  inner  stringer  meets  the  cross-girder  to  wbtPa 

itiiager  meets  the  lateral  diagonal.    In  other  wordg,  eii(y 

panel  »  to  be  provided  with  traction  bracing. 

and  chann^  used  in  built  members  of  trusses  muiit^ 

Jb^  ordered  the  full  length  ci  the  jnece;   otherwise,  the 

^usl  devebp  one  and  one^^eiith  (iVio)  tiines  the  full 

iMlfftion  cut,  without  any  reliance  being  placed  cm  abu^ 

lesliying  compression. 

a^  the  ends  of  compression  members,  where  the  entire 

iHi  one  point  and  the  ends  are  faced,  the  detailing  must  be 

at  least  sixty  (60)  per  cent  of  the  capacity  of  the  member; 

iOjkal  qdices  at  the  ends  of  tension  members,  for  one  hun^ 

eeiit  of  the  said  capacity.    In  total  shingle  efplices  in  either 

members,  the  detailing  must  be  proportioned  for 

and  ten  (110)  per  cent  of  the  total  strength  (rf  the 

;iridths  of  idatee  stressed  in  compreaaion,  measiu^inc 
Hl  rivets,  shall  not  exceed  thirty^wo  (32)  times. 
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«il>i6htilttcNt  and  iMtwed 

tbsiiviMs  by  ivlikh  tb6]rJM 
ifii^Mi  tilH^ten  be  wdl  stiffened  i^r ^HBiiMti 
tfjiie  ael^  ae  tbree-eii^iftbe  ^  <tf  an 
iie^  be  leflB  than  tiieir  widthei  uodeflB  thqr  iNy 
of  the  member^  in  which  ease  thej  may  be  m 
Fdr  members  of  the  lateral  and  simy  btaefai^^  fhil^ 
tfe^lates  shall  never  be  lees  than  onenrixtietll 
tween  the  centre  lines  of  the  rivets  by  which 
flanges,  and  their  lengths  shall  never  be  less  thall 
tiieir  widths.    In  case  the  use  of  intermediate  tie 
misdible,  their  thickness  shall  be  the  same  as  thai 
sponding  end  tie-plates,  and  their  lengths  may  be 
that  specified  for  the  said  end  tie-plates,  but  never 
The  lacing  of  compression  members  must  be 
in  addition  to  actual  transverse  loads,  the  shear 
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where  S  =  shear  on  the  lacing, 

P  =  total  compression  on  the  member,* 
I  =  unsupported  length  of  member, 
and      r  =  radius  of  gyration  of  member, 
I  and  r  being  taken  in  a  direction  x>arallel  to  that 
Lacing  may  be  either  single  or  double,  the  f < 


^' 


.,& 


-T 


,}■  -X  .  „,'V.>:, 


mmM^M^mMsm^m 


,M^A^: 


..-^?:>':/;'". 


*   'V 


>:^  ■»•• . 


t » 


;#»i,yM^^»g^# 


^•^^■**"^^^^^^^^rc  ^^^  ^^'^tbT  ■•'^'^^^^  ^^e»w^^^  p^^^  ^^'^F^^vp 

'fltf  iiinri4iirffiiiilhiiif^^ 

^ifaM«i  fM  «Me  thfii»  be  m^ra  titsa  cue  fmt  M  MDi^fbl^ 

iiiiotiil  amd  Diroj  hiiimiifl,  "the  carronxmding  liniiii  iliiiiP 

yviuiii  MaHK^^  0^*    The  miitimniii  ^irtJlttt 

#  iifiiiHilgfc^        ineb  livei  mey  be  need  k  «<i  ber4l|^ 

|#ladieii  Md  tbe  ittiiiiimim  9i4d4li  c^ 
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tiilMNMllfee^Vsai^  (54>mA  rivets  the  eefmpKndh^liri^ 
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«lii#JIAi[M{^^  (2^  taiGhes  -a&d  tivo  aaid  Qiie4iiitf  i 

mB&om  for  a  Iaoiii94)ar  ahall  be  imoMA  imm4fit^00 
^  llMe^eii^ttfae  ^  of  en  mefa,  end  the  amalleBfeMitlte 
tIM  and  ome  half  (2}^  inches  by  two  (3)  faidies  Iqr 

1t^^  laopartioned  to  reidst  the  greatest  shearing  and  bendinc 

tiy4heiiiember8  whidi  th^  connect.  -^ 

Miliribsie  composed  of  four  ai^^  in  the  form  of  an  IUvMi 

dMidog  or  tie-plates,  the  dear  distance  between  badcs>ef 

iiiMl^;be  made  less  than  three^narters  (M)  of  an  indi,  in 

4W  insertion  of  a  small  paint  bnidi. 

iitM^ble  diamet^  for  expansion  rollera  h  six  (6)  imAies; 

teiiiiade  segmental.    They  are  to  be  supported  diree^y 

f  and  the  detaUing  must  be  so  designed  as  topemalt 

ci  the  rollers  in  the  longitudinal  direction  of  qpati 

* 

lip  ^be  extreme  variations  in  length  due  to  tempsratxro 

di(Nrd  stresses,  and  at  the  same  time  prevent  any 

of  the  end  of  the  q)an.    The  rollers  are  to  be  covered 

maites  the  enclosed  space  practically  dust-tii^t;  and 

%e  be  removable  so  as  to  permit  of  the  cleaning  of 

The  boxing,  however,  must  not  retain  Wttior. 

be  geared  to  the  upper  and  the  lower  phites. 


■Mii^  to  1210  tee  hymii^hKi^^ 
^mlSmlhgt;  and tli^iHikl MftMt 
gilteiiidtipOHtbd^l^      Nobue^^ite, 
ifaift  iNKiM  itt  tliidkiiMl  thaa  thra^^piattm  0^ 
iliiil  pliteB  diall  be  <rf  suffidfflt  height  and  aoMb; 
iHMil^iilirta  to  diatribiite  ptoperisr  tbe  kada  opir 
il»  «iMal  leBB  titan  tii7eeK)«aFter8  0^  of  aia  liMsi^ 
;pli#  ist  ^MrtHitoel  pedestals.    The  Imuws  tif  Matt 
l>|>lfiBfid  go  aa  to  bear  pmpexfy  on  tbe  aeiaaotty  4ir 
tel  tiielEaoai  ol  base  i^ 

litl^'tttt  to  fimi^  perfect  oontaet  between  xvXkakhi 
ttiir  tetire  length.    All  pedesftab^  whetiier  iwUk 
HOC^'iaoie  dkidbfagma  between  wdbs,  caified  iqp^ai*^ 
Mbtaflhig  will  permit,  so  as  to  transmit  tnmsveiia 
tiiid  base  without  overstressing  the  webs  by 
direetion.    Pedestals  must  not  be  allowed  to  hold 
thdr  boxed  spaces  are  to  be  filled  with  rich  eoctatcfev 
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72.  Details  of  Design  for  Riveted-Ttuii 
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In  general,  the  rules  given  f6r  the  detailing  of 
spans  are  to  be  adhered  to  in  the  det^ling  of 
with  the  following  possible  exceptions:  -  i.  ^^\ 

In  cheap  highway  bridges  the  lateral  diagopala^ 
instable  rods  with  right-and-left  clevises  at  ibm 
to  be  connected  through  pins  to  comer-plates 
the  lateral  strut  and  the  truss  member.    The 
of  two  or  three  short  pieces  of  angle  iron  rivcAed 
plate,  and  between  two  of  which  the  rod  lies,  will  wlk' 
adjustable  rods  are  employed,  the  struts  to  the 
must  be  figured  for  a  total  compressive  stress*  eqi 
components  (in  the  direction  of  the  said  strut)  cii 
working-stresses  on  all  of  the  adjustable  rods 
strut.    While  this  method  gives  an  excessive 
effect  will  be  a  desirable  error  on  the  side  oi  sati 

Where  built  stringers  are  used  fcnr  the  floQR, 


.«fr- 


^^T 


■  iiiii  OMiiiinliife  of 

m^km  for  a  laeiiie4>ar  shall  be  one  aiid  ihie6N{iiii|iil^ 
X^l^iadNi^  builv  wd:  tbe  flmaUeetrTaiel^ 
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^fftl^  of  Dedtn  fcft  PinrCannedM  BaUway  Spam 

^  i^iHMXimee^  railway  sfpaiiB  k  to  follow  in  geneMl 
previoasly  given  for  the  detailing  of  riveted-trues  i^l* 
llWipiafc  tfwift^iywiBg  eifts^tions: 

lll^li^iMil^^^^^^  and  tiboee  of  the  inclined  end  poets  of* 

Aa&mmAst,  geBfire%,  of  two  built  channde  and  a  ooiwk 

beinig  fonned  of  a  web  and  two  angles^  the  upper  one 

Ilia Jower  olie  nnich  larger,  so  as  to  bring  the  centre  of  gmvi^, 

miMofa  of  the  m^nber  as  dose  as  posaible  to  the  mk^; 

;V9riHdatea.    ht  no  case  wiU  more  than  one  eoyer^late  be 

ii  i^  be  made  as  thin  as  is  prop^.    It  is  pennisBtble  io-> 

fi0^}  (tfjtfHids  for  the  built  cmes;  but  when  this  is  done  it  ii 

jb >ifv«t  a  thick  narrow  plate  to  the  under  side. <^  eaA 

3ii!ijl|p^     fiMsilitate  the  packing  and  detailing  of  web^membeia 

Mmbe^Une  of  stress  as  nearly  as  may  be  coincident  witli  the 


ports  shaBy  generally^  be  ccmiposed  of  two  laced  efaan- 

fdlbionesy  although  built  ones  must  be  used  where  large 

il|i|idiBd*    Secondary  vertical  posts  may  be  built  of  two 

]|eid|  or  of  four  angles  in  the  form  of  an  I  with  dther  a 

m 

or  a  web.    These  secondary  vertical  posts  dbotdd^ 

to  the  top  ch<ml  instead  of  bdng  pin-connected 

posts.    The  channels  of  vertical  posts  may  have 

either  mward  or  outward,  as  desired,  or  so  as  best 

detailing  of  the  truss. 

and  inclinc4  webHstruts  may  be  made  of  either 

Iwolines  of  lacing  or  four  angles  with  one  line  of  ladng, 

for  struts  being  prohibited,  as  is  also  the  use 

I|0  employed  for  all  bottom  chords  and  main  diagonals 
III  be  stiffened, 
used  al  all  pin-holes  in  built  members  for  the  double 
4br' the  metal  cut  away  and  of  reducing  the  inteiH 


■^  •'.  'ii 


^■.-■^eM^i^mm^^mi^mi-m  -a 


r- .-A^  ■ '  Vf^-*^^  t<iJ'*^"^^^i'^^^ 


r*^'^-: 


id^^^^m^r^^ 


■T^^5vfr^ 


-^•^'V^^^^ 


.#*! 


S41# 


C  A,     «. 


aool 


■!\i'. 


in 


'    ■  I,     ft 


V  ■  .  <     * 


i|^  «^  akdcel  rteet  itipp^^ 

leogtii  in  imAMy  iMMiiibiK'^lNift 
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^  OM  pm.    The  lei«th  I  is  ihniirft  le» 
:^Sirii|ite;  Md»  ia  cae^     utumiicfobiy  kog 
ltijSm«l  Iqr  an  interior  (Hapbragm 
times  only  two,  an^^    The  greatest  aUoiPaUif 
(20),  I  being  the  greatest  unsupported  lengfeli 
ways  better,  whenever  praoticablei  to  avoid 
channeb;  but,  if  they  have  to  be  trinunedi  the 
so  that  the  strength  of  the  member  will  not  be 

Siveted  tension  members  with  jun 
tiim  back  of  the  pinhole  at  least  equal  to  the  Ml' 
and  a  net  section  through  the  pinhole  at  least  lQl4|r 
than  the  net  section  of  the  member;  and  theM 
employed  to  make  all  the  material  effective. 

Fins  are  to  be  proportioned  to  resist  the  greatest 
produced  in  them  by  the  members  which  they 
have  a  diameter  less  than  eight-tenths  (%o)  of  the 
bar  coupled  thereon,  nor  less  than  five  (5)  inchee 

Lower  chords  are  to  be  packed  as  closely  as 
manner  as  to  produce*  the  least  blading  momenii 
jacent  eye-bars  in  the  same  panel  must  nevw 
(yQ  inch  space  between  th^n,  in  order  to  facilitatil 
ous  members  attached  to  any  pin  must  be  packed  iiS 
and  all  interior  vacant  spaces  must  be  fiU^  with 
omission  would  permit  of  motion  of  any  member 
are  to  lie  in  planes  as  nearly  as  possible  parallel 
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^pfdgnfmr  BaHmify  TreMeB  and  EtemM  ^RaiOraa^ 

ihall  oonfflst  of  pider  sfpauB  mxpported  mx  ttestt^ 
oa  towers  composed  of  two  beats  braced  togsther 
beat  shall  consist  ot  at  least  two  oc^umns^  ^libit 
bmeed  together  transverBdy  to  the  structure.      ^  '^ 
;!||  jttkm  members  of  trestles  shall  general^  be  as  foH^iwi: 
eh^nnds  laced  ynih  flanges  turned  dither  out  or  iii|  tm> 
with  I-beam  web  between,  four  Z-bars  with  iN^eb- 
ilNith  a  sii^e  line  of  lacipg  inside  and  occasional  staiy- 
loiir  angles  with  a  single  line  of  lacing  inside, 
ti^ansverse  and  longitudinal  bracing  and  all  bottom  hori- 
our  angles  with  a  single  line  of  lacing, 
bracing  struts  at  top  of  towers — ^bracing  fhones 

Ipilto  at  top  of  towers — ^plate-gprders. 

late-fprder  spans,  or  occasionally,  for  very  long 

loiagitudinal  girders  of  trestles  and  devated  raiboads 
tie  same  shall  comply  with  the  spedi&$ati0iis 
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governing  the  designing  of  plate-girder  spans  and  the  floor  systems  of 
riveted  spans.  In  general,  the  transverse  and  longitudinal  bracing  of 
trestle  towers  shall  consist  of  a  double-cancellation  system  of  stiff  diag- 
onals with  horizontal  struts.  The  latter  at  pedestals  must  be  strong 
enough  to  move  the  column  feet  upon  their  sliding  bearings  when  the 
struts  are  expanded  or  contracted  by  changes  of  temperature.  Provision 
must  be  made  for  holding  some  feet  rigidly,  and  for  sliding  some  in  one 
horizontal  direction  only  and  others  in  any  horizontal  direction,  at  the 
same  time  holding  them  all  down  so  that  they  shall  not  be  lifted  percep- 
tibly by  the  wind  pressure.  Sliding-plates  are  nearly  always  preferable 
to  rollers  for  pedestals  of  trestles.  They  shall  be  planed  extremely  smooth, 
and  so  as  to  bear  properly  at  all  pj^rts.  Occasionally,  in  solitary  bents, 
it  is  permissible  to  use  hinged  ends  for  columns  at  pedestals;  but  it  is 
generally  better  to  make  them  fixed,  and  to  figure  the  columns  for  the 
greatest  bending  produced  in  them  by  transverse  loads  and  extreme 
changes  of  temp)erature. 

The  batter  of  the  columns  should,  generally,  be  not  less  than  one  and 
a  half  (IH)  inches  to  the  foot  and  not  more  than  three  (3)  inches  to  the 
foot.  When  practicable  within  these  limits,  the  trestle  bent  should  have 
such  a  batter  or  spread  of  base  as  is  necessary  to  meet  the  condition  of 
no  tension  on  the  windward  leg — otherwise  the  tension  must  be  properly 
provided  for. 

The  tops  of  trestle  columns  are  to  be  made  vertical  by  bending  them 
beneath  the  longitudinal  girders  where  the  latter  are  riveted  to  them; 
and  the  upper  transverse  struts  must  be  made  as  deep  as  the  longitudinal 
girders,  and  must  be  riveted  effectively  to  the  columns.  Comer  brackets  of 
double  webs  are  to  be  used  for  connecting  the  columns  to  the  horizontal 
struts  and  bracing  diagonals,  and  at  the  same  time  to  strengthen  the 
colimm  at  the  bend.  Additional  strengthening  is  to  be  given  by  using 
a  solid  web  or  diaphragm  in  the  column,  extending  from  the  top  thereof 
to  a  point  about  two  (2)  feet  below  the  bend.  All  splices  in  columns  are 
to  be  full,  butt  splices,  located  preferably  about  two  (2)  feet  above  the  / 
points  where  the  sway  diagonals  connect,  shingle-splicing  being  avoided  ' 
because  of  the  trouble  it  gives  during  erection.  The  splice-plates  shall 
be  figured  to  develop  sixty  (60)  per  cent  of  the  section  of  the  column; 
but  care  must  be  taken  that  the  maximum  bending  stresses  are  fully 
provided  for. 

Whenever  practicable,  the  span  lengths  for  trestles  are  to  'be  thaf^e 
which  make  the  total  cost  of  structure  a  minimum,  the  tower  length  vary- 
ing from  twenty  (20)  feet  for  low  trestles  to  forty  (40)  feet  or  even  m*ore 
for  very  high  ones,  and  the  intermediate  spans  varying  from  thirty  (30) 
to  about  eighty  (80)  feet.  Any  length  of  girder  exceeding  eighty  (80) 
feet  might  necessitate  either  the  employment  of  a  traveller  that  would  be 
too  long,  heavy,  and  expensive,  or  the  use  of  bents  of  falsework  be^weai 
the  towers. 


GENERAL   SPECIFICATIONS   FOR   DESIGNING  1685 

For  elevated  railroads  the  sections  of  main  members  shall  be  as 
follows: 

Longitudinal  girders — ^preferably  plate-girders,  or,  if  necessary,  open- 
webbed,  riveted  girders. 

Cross-girders — ^plate-girders. 

Columns  for  structures  without  longitudinal  or  tower  bracing — two 
rolled  or  built  channels  with  an  I-beam  riveted  between. 

Columns  for  structures  with  longitudinal  or  tower  bracing — ^four  Z- 
bars  with  a  web-plate. 

All  columns  for  elevated  railroads  are  to  have  both  ends  fixed,  being 
held  rigidly  at  the  top  by  either  the  longitudinal  girders  or  by  deep  struts 
that  carry  th^  thrust  of  braked  trains  from  the  track  to  the  colunms,  and 
their  sectional  areas  are  to  be  figured  accordingly  for  both  direct  load 
and  bending. 

Longitudinal  girders  in  elevated  railroads  shall,  generally,  be  riveted 
into  the  cross-girders  and  not  rest  thereon,  except  under  certain  condi- 
tions for  the  sake  of  clearance  beneath,  in  which  case  the  top  flanges  of 
the  half-through  girders  must  be  stayed  at  the  ends  and  at  intermediate 
points,  as  specified  for  plate-girder  spans.  On  all  curves  in  elevated  rail- 
roads, special  lateral  bracing  of  angles,  riveted  at  intersections  to  the 
longitudinal  girders  and  carried  over  and  riveted  to  the  columns,  must 
be  employed.  Shelf  angles  for  facilitatmg  erection  are  to  be  provided 
on  columns  for  the  temporary  support  of  the  girders  and  in  any  other 
places  where  their  use  would  expedite  the  work. 

In  general,  the  Umiting  length  of  structure  between  expansion  points 
shall  be  about  one  hundred  and  fifty  (150)  feet.  If  this  length  be  ex- 
ceeded materially,  the  columns  may  have  to  be  strengthened  to  resist 
the  bending  caused  by  changes  in  temperature. 

All  expansion-pockets  are  to  be  so  detailed  as  to  throw  the  load  from 
the  longitudinal  girder  as  close  as  possible  to  the  web  of  the  cross-girder; 
and  sufficient  rivets  are  to  be  used  in  connecting  the  pocket  to  the  cross- 
girder  or  column  to  provide  for  both  the  direct  shear  and  the  bending 
moment  from  the  eccentric  load;  and  the  cross-girder  or  column  is  to 
be  thoroughly  riveted  to  the  adjoining  longitudinal  girder  so  as  to  care 
properly  for  the  bending  or  to  avoid  torsion. 

All  anchor  bolts  at  column  feet  are  to  extend  well  up  above  the  base- 
plate, passing  between  two  angles  that  are  riveted  to  the  column,  and 
which  support  a  heavy  washer-plate  or  angle  to  receive  the  anchor-bolt 
nut.  All  column  feet  are  to  be  raised  so  far  above  the  ground  that  no 
dirt,  snow,  nor  moisture  can  collect  around  them  and  remain  there.  The 
boxed  spaces  at  column  feet  are  to  be  filled  with  Portland  cement  con- 
crete made  with  small  broken  stone. 

The  bases  of  pedestals  are  always  to  be  made  large  enough  to  prevent 
all  possibility  of  settlement  of  foundations.  In  figuring  the  pressure  on 
the  base  of  the  pedestals  it  is  not  sufficient  to  recognize  only  the  direct 
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r^^vM^li^lg^iiilQg  lyipgn  of  stntoture  am  to 
i^Muis  up  to  two  hundred  (26oD  feetla 
mlliUK  as  coiitinuous  ginfos  over  tbe  iihn)(  piiti.  >  ^ 

For  q)aiis  between  two  hundred  (200)  ^^ 
-^^vdted  truss  bridges. 

For  spans  exceedmg  four  hundred  (460)  £ 
connected  bridges. 

For  spans  up  to  about  three  hundred  (90Si  JReei 
top  i&ords  horizontal  throughout,  and  begrond  thai 
them  polygonal  or  to  provide  a  tower  at  midHSiMUL 

It  b  understood  that  these  limiting  lengths  IM I 
as  the  best  limits  will  vary  somewhat  with  the 
weight  of  trains.  V^^  ^■ 

For  highway  swing  spans  the  following  types  ol 
employed:  ^, 

For  spans  up  to  one  hundred  and  fifty  (ISO)  '|^^: 
^rder  spans,  acting  as  continuous  girders  over  the 

For  spans  between  one  hundred  and  fifty  (ISO) 
(300)  feet,  riveted  trusses  are  to  be  used.  '    *   '^^ 

For  spans  of  over  three  hundred  (300)  feet, 
connected  trusses  with  subdivided  panels  may  be 

It  is  understood  that  these  limiting  lengths 
as  the  best  limits  will  vary  somewhat  with  the 
live  load  to  be  carried. 

Swing  spans  may  be  either  rim-bearing  or  cW 
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|9f  tniMeB  wU$b  oioly  one  arm  loaded  is  to  be  taken  fimil 
lor  ai  aiMUi  equal  to  the  distance  between  .the  omriai^ 
aind  the  centre  of  the  nearer  tower  post;   but  for  botb 
^!Bf  load  is  to  be  taken  for  a  span  equal  to  the  distance 
gl  eiul-pins.    For  only  one  aim  loaded,  the  halfHspan  is 
ta  net  as  a  simple  jpan  on  two  supports;  and  for  both 
entire,  qmui  is  to  be  considered  continuous  over  tmjot 
I^ii4)earing  draw  and  over  three  supports  for  a  centre- 
'^^  stresses  due  to  the  live  load,  with  both  arms  wholly 
I  are  to  be  determined  by  the  balanced-load  method, 
hi  determining  the  reactions  at  ends  and  at  centre  sup- 
ll^tflfrn  in  Fig.  20a  can  be  used  for  rim-bearing  qsans  and 
rin^tre-bearing  spans.    The  former  gives,  for  balanced 
lkiib»  load  in  one  arm  that  is  supported  at  its  outer 
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iifiiid  loads  per  linegl  JSoot  of  i^fa  f of 
liiotdi^  wl^  the  diMT  id  j^^ 
ft|$d.  (Bpitfis,  aiid  otllif^  oiiM^biiiftF 'li 
of  qpali  tfindi  hdi^^^ 
#ro  to'be  tdo^  from  tli0  iwvQf  tik^^^^i^ 
aU  the  whid  1<^ 
111^  1^^       Wtook  tbe  dnn^  is  dasid,  ttio^wM 
#^Ni^  <9ie  «(ids  aiid  i^ 
tte^MJoMiit  diorcb  be  ocxDioktered  to  aet  an  k 
oenti^  supportoi  the  reaotions  at  the  ends  aod  ^M "tile 

In  the  case  of  tnuNMs  with  broken  top  dioitib,  ih^ 
ehorde  le  to  be  aanimed  to  travel  thiou|^  the  iip|!il 
imiflr  hipe  when  the  crpan  is  opeti,  then  down  theiour 
drunii  thus  producing  a  transferred  load  on  the. 
a  released  load  on  the  windward  one.    As  the  upiMr 
to  be  made  continuous  between  the  inner  hips,  mfi$^f0i 
on  the  upper  lateral  system  will  be  earned  ckmi^  tlM| 
ing  only  that  which  comes  on  the  centre  panel  and 
In  order  to  ensure  such  a  distribution  of  the  wind 
not  be  put  in  those  panels  of  the  upper  lateral  eQrstem 
to  the  inner  hips  and  between  these  and  the  towear^^^; 
diords  between  the  hips  from  both  the  direct  and  ilill 
load  shall  be  duly  figured. 

In  the  case  of  trusses  with  paralld  chords,  the  wkid 
chords  is  to  be  assumed  to  travel  through  the  iq>|Mf 
the  tower  posts  when  the  span  is  open,  then  down 
drumy  thus  producing  a  transferred  load  on  ihe 
a  released  load  on  the  windward  one.  '     r  :-it^i 

When  the  draw  is  closed,  for  trusses  with  eilkiS^ 
or  parallel  chords,  one-half  of  the  wind  load  on  thi^li||| 
of  one  arm  is  to  be  assumed  to  travel  down  Hiil 
and   one-half   down   the  inner   inclined   posts  imp' 
the   case   may  be — ^the   proper   transferred  and' 
figured  in  all  cases.    A  vertical  unbalanced 
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Graiitort  jrtraMd  from  live  load  on  both  snmi  thtJlve 

l^ojn^  Imtli  endft  tomod  the  oeatie  ^mtil  the  qpaniafta]^ 

bebig  coMlderod  to  act  as  a  ocmtmuooa  girder  otet  lottt 

»tiQi4)eiu^  qiaii  and  ovjer  three  suppoiti  (oat  m  cmiam  , 

Ckmtert  direet  stcefleoa^  on  the  diorda  that  oanQF  Jbft 
frfa^  load  when  the  faiMge  ^ 
jiieatef*  direet  etresM,  <m  tiie  chords  that  carry  Itet-ftvii^^- 
aldiib^a  the  bridge  isdoeed  and  wfa 
Gbreatest  indirect  windJoad  stresses  or  transfeeredr^paii 
choids  wfaeii  the  bridge  is  dosed  and  whc^  W 
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MioEn  ol  these  stresses  includes  Cases  No.  1  a^  NaU; 

li^teatest  stresses  for  aU  truss  members  from  dead  load  aad 

ivhjen  the  span  is  S¥rin^ng.    The  second 

X,  No<  3^  No.  4,  and  No.5y  and  gives  the  greatest 

mi  disad  loads.    It  is  to  be  noted  that,  as  previoaslsr^ 

iver  the  load  for  Case  No.  3  increases  the  total  stie^i 

|,  Us  effect  18  to  be  considered;  but  wherever  the  said  load 

3itftal  stress  on  any  member,  its  effect  is  to  be  ignored.    The 

ftttensities  of  unit  stresses  are  to  be  used  for  both  the 

)ns. 

tion  of  these  stresses  includes  Cases  No.  1,  No.  9 

es  the  maTrimum  stresses,  including  wind,  when  tfie 

fourth  combination  includes  Cases  No.  1,  No.  3,  No.  4, 

lip  8t  and  gives  the  maximum  stresses,  inoludioc  wiind^ 

'lloiied.    For  the  third  and  fourth  oomUnationS)  ^the 

tilnrty  (30),  per  cent  higher  than  for  the  S^  Ba»A 

It  should  be  noticed,  however,  that  the  cmig'  tem/k 
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:  '^|7«gB  Jf 0.  0.    Greatest  whid-load  stieBees  lAm.  q^iait 

' «' pirtiallyy  thus  makiiig  4he  littiiMl  ^ordl 
^^^^^  ^ .  1^^  uritli  four  (4)  pdats  bf 

UeeHiig  spaa  and  tiith  three  (8)  pohtts  of  iuiqp^ 
tauSfigqMm.  V  lie 

Cam  No,  7.    Ghreatest  vibraticm  load  stoeflsdi 
those  m  ease  No.  5.  '^*^ 

Com  i^o.  8.    Greatest  vibration  load  ptimmoli 
fliose  in  Case  No.  6.  "^^ 

The  greatest  stress  on  any  lateral  member  fo     ^ 
tions  of  wind-loading  is  to  be  used  in  phiportkniiiig  its 
is  to  be  assumed  no  division  of  the  wind  load  betweeU^ 
although  the  failure  to  make  the  said  diviscm'^ill  tSiii^ 
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the  side  of  safety. 

78.  Special  DetatU  of  Design  for 

Plate-girder  swing-bridges  are  to  be  made  as 
three  or  four  points  of  support — ^preferably  over 
either  rim-bearing  or  centre-bearing.     The  same 
are  to  be  used  as  specified  for  truss  draw-spans,  hd$ 
found  that  the  wind  loads  do  not  alFect  the  pi 
In  general,  the  specifications  for  the  detailing  of 
are  to  govern  the  designing  of  plate-girder  dra#«- 
after  stated. 
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In  deck,  plate-girder  draw-spans  the  girders  are  to  be  spaced  the  same 
distance  apart  as  specified  for  fixed  plate-girder  spans  of  one-half  the 
length.  For  half-through,  plate-girder  draw-spans  the  girders  may  be 
spaced  as  closely  as  the  previously  specified  clearance  requirements  will 
permit.  For  deck-spans  four  points  of  support  on  the  dnun  will  sufiSce, 
but  for  half-through  spans  eight  points  will  be  required.  The  diameter 
of  the  dnun  is  to  be  made  as  small  as  practicable,  but  never  less  than 
eight  (8)  feet;  and  the  distribution  of  the  load  over  the  dnun  is  to  be 
uniform.  All  girders  are  to  be  thoroughly  stiffened  at  all  points  of  bear- 
ing over  the  drum,  and  bearing-plates  not  less  than  one  (1)  inch  in  thick- 
ness are  to  be  used  between  the  dnun  and  all  girders  bearing  thereon. 

When  the  length  of  span  over  all  exceeds  one  hundred  (100)  feet, 
it  will  be  necessary  to  splice  the  main  girders  in  the  field.  These  splices 
must  be  thoroughly  made,  shingle  or  staggered  spUces  only  being  allowed; 
and  there  must  be  ten  (10)  per  cent  excess  of  strength  in  the  details  at 
all  points  thus  spliced,  as  previously  specified  for  fixed  plate-girder  spans. 

Rigid  bracing-frames  are  to  be  used  between  main  girders  of  deck- 
spans  at  the  points  where  the  main  girders  bear  on  the  dnun;  and  heavy, 
rigid,  plate  cross-girders  resting  on  the  drum  are  to  be  used  for  half- 
through  spans. 

79.  Special  Details  of  Design  for  Trusses  of  Swing  Spans 

The  details  of  trusses  for  swing-spans  shall  comply  in  general  with  the 
specifications  given  for  trusses  of  fixed  spans.  In  pin-connected  trusses 
having  broken  top  chords,  that  portion  of  the  said  chords  between  outer 
and  inner  hips  is  to  be  made  of  rigid  members,  and  that  portion  between 
the  inner  hips  and  over  the  tower  is  to  be  made  of  eye-bars.  In  pin- 
connected  trusses  with  parallel  chords,  rigid  members  will  be  required 
throughout  the  top  chord,  except  for  the  centre  panel,  in  which  eye-bars 
may  be  used.  In  riveted  trusses  stiff  top  chords  from  end  to  end  of  span 
are  to  be  adopted.  Ample  provision  for  adjustment  of  elevations  of  ends 
of  span  shall  be  made  by  means  of  shimming  plates  of  various  thicknesses 
at  each  end-bearing. 

Rigid  portal-bracing  attached  to  both  the  upper  and  the  lower  flanges 
must  be  used  between  the  two  inclined  posts  at  both  the  inner  and  the 
outer  hips.  These  portals  are  to  be  carried  down  as  low  as  the  specified 
clearance  over  tracks  will  permit. 

The  tower  must  be  rigidly  braced  in  all  four  faces.  In  the  transverse 
planes  all  the  diagonals  and  horizontal  struts  must,  generally,  be  made 
of  stiff  members  of  box  or  I-section,  so  as  to  take  hold  of  the  exterior  of 
the  posts;  and  this  sway-bracing  must  be  carried  down  as  low  as  the 
specified  clearance  will  permit,  in  order  to  hold  the  tower  posts  firmly  to 
place  and  line.  In  the  planes  of  the  trusses  the  diagonals  are  to  be  made 
of  stiff  members  having  ample  section  to  provide  for  any  possible  unequal 
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81.  DetaUa  cf  Drum  and  Loading  OirderBfor  Sim^i 

The  drum  must  be  strong  and  deep  enoui^  t 
load  from  the  span  properly  over  the  rdkfs.    1^ 
made,  within  reasonable  limits,  as  deep  as  poe^iM^^ 
<»iie^half  of  the  greatest  distance  between  adjacQiit 
the  cost  due  to  the  extra  depth  will  be  more  thaa 
in  height  of  pivot-pier.    The  blading  m<»nent  oa  the 
puted  by  the  compromise  formula, 

where,  ilf  =  bending  moment  in  foot-pounds,  W  «*  groiitiil 
on  one  point  of  bearing  on  drum,  and  I  »  distance 
of  bearing.    The  drum  is  to  be  designed  according  |M|' 
for  ordinary  plate-girders.    The  web  thereof  shall 
sides  at  all  points  of  concentration.    These  stiffesiifa|i 
contact  with  the  top  and  bottom  flanges.    The 
stiffeners  is  to  be  determined  by  considering  the 
one  point  of  bearing  to  be  carried  by  the  said 
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column,  fixed  at  both  ends,  with  an  unsupported  length  equal  to  the 
depth  of  drum.  The  bearing  area  of  the  outstanding  legs  must  also  be 
adequate  for  the  load  carried.  Stiff eners,  each  consisting  of .  two  angles, 
placed  on  opposite  sides  of  the  web,  must  be  used  at  intermediate 
points  at  distances  not  exceeding  either  the  depth  of  web,  or  three  (3) 
feet  six  (6)  inches.    Fillers  are  to  be  used  beneath  all  stiflfeners. 

Brackets  to  support  the  pinions  gearing  into  the  rack  are  to  be  pro- 
vided on  the  dnun  and  are  to  be  securely  riveted  thereto.  They  shall 
be  built  of  rolled-steel  sections,  and  made  amply  strong  in  all  directions 
and  in  every  particular  so  as  to  resist  the  greatest  thrust,  wrenching,  or 
torsion  that  can  possibly  come  from  the  shaft.  In  no  case  are  such  brackets 
to  be  made  of  castings.  The  use  of  turned  bolts  for  attaching  the  brackets 
to  the  dnun  will  not  be  permitted  where  it  is  possible  to  drive  rivets,  as 
such  bolts  do  not  afford  sufficient  rigidity  to  prevent  the  connections  from 
working  loose  sooner  or  later. 

The  splices  in  the  web  and  flanges  of  drum  must  be  such  as  to  develop 
the  full  strength  of  same;  and  the  abutting  ends  of  web  and  flanges  must 
be  planed  smooth  so  as  to  have  continuous  contact.  The  dnun  must  be 
made  perfectly  roimd,  so  that  the  centre  line  of  web  at  any  height  will 
conform  to  the  circumference  of  a  circle;  and  to  preserve  this  form  and 
brace  the  drum  thoroughly,  rigid  radial  struts  are  to  be  run  from  the 
centre  casting  to  the  drum,  taking  hold  of  the  latter  at  each  point  of  con- 
centrated loading  and  at  intermediate  points  when  the  bearings  are  spaced 
more  than  eight  (8)  feet  between  centres.  These  radial  struts  must  be 
made  of  foiu*  angles  with  solid  webs  or  angle-lacing.  At  the  centre  they 
are  to  be  riveted  to  circular  plates  fitting  closely  aroimd  the  centre  cast- 
ing, thus  anchoring  the  drum  firmly  to  the  latter.  Oil-grooves  must  be 
provided  where  these  plates  bear  on  the  centre  casting. 

The  drum  must  be  assembled  and  the  bottom  must  then  be  planed 
smooth  so  as  to  provide  an  even  bearing  for  the  upper  track.  If  it  is 
not  practical  to  plane  the  entire  drum  at  once,  then  each  segment  thereof 
fa  to  be  planed  separately;  but  in  thfa  case  the  greatest  care  is  to  be 
taken  to  make  the  assembled  parts  form  a  perfect  whole.  The  least 
thickness  of  metal  to  be  used  for  bottom  flanges  of  drum  shall  be  three- 
quarters  (^)  of  an  inch  for  railway  spans  and  five-eighths  (5^)  of  an 
inch  for  highway  spans,  so  as  to  provide  ample  metal  for  planing  off  the 
bottom;  and  that  for  the  web  and  top  flanges,  one-half  Q/Q  inch  for 
railway  spans  and  three-eighths  (^)  inch  for  highway  spans. 

Spans  restmg  on  drums  of  smaU  diameter  m  proportion  to  the  span 
length  are  to  be  anchored  to  the  pivot-pier  by  means  of  a  large  anchor- 
rod  in  centre  of  pier,  extending  down  ten  (10)  or  fifteen  (15)  feet  into 
same.  This  rod  shall  pass  through  the  centre  casting  and  through  a 
box-girder  over  the  centre  of  the  drum,  which  girder  shall  rivet  into  either 
the  transverse  or  the  longitudinal  girders.  The  lower  end  of  the  rod 
shall  pass  through  a  heavy  cast-iron  anchor-piece  embedded  in  the  con- 
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-tbngitiidliial  i^rders,  or  the  bottoci-diGrd  Bd^tioiHi^si 
the  eeiitro  panel,  the  longituditifll  |^m  beisg 
sted  chairs  bemg  inserted  beneath  llieil*  etttiM 
the  drum.    In  case  the  l3iQtt(Rn*ch(HK[  stresitoi^ai 
ta^Unal  girders,  ample  provision  must  be  made 
the  bending  stresses,  in  designing  the  secti<»S8  fcif  llwit 
the  clearance  over  the  waterway  will  permit,  m 
thig  the  top  flange  of  the  longitudinal  gird«r  f omi 
the  truss. 

In  single-track  spans  of  three  himdred  (300) 
track  sp^tns  of  two  hundred  (200)  feet  or  over, 
bearing-blocks  are  to  be  used  between  the  top 
bottom  flanges  of  the  girders,  in  order  to  make  deft 
centration,  and  so  as  to  transmit  the  load  propeAf 
For  smaller  spans,  bearing-plates,  at  least  one  (1>  teellt 
structures  and  three-quarters  (^)  of  an  inch  thick  fti 
may  be  substituted  for  the  ball-and-socket  blocks. 

All  girders  bearing  on  the  drum  are  to  have 
of  their  webs  at  all  points  of  concentration;  and 
feners  to  be  crimped,  but  are  to  have  fillers 
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close  bearings  at  top  and  bottom  flanges;  and  they  are  to  be  proportioned 
in  the  same  manner  as  previously  specified  for  those  on  the  drum. 

82.  Supporting  Girders  for  Centre-Bearing  Swing  Spans 

In  centre-bearing  draws  the  dead  load  shall  generally  be  carried  by 
a  system  of  girders  supported  on  top  of  the  centre  casting.  Four  rolled 
or  built-up  beams  nmning  transversely  to  the  axis  of  the  bridge  shall 
be  supported  directly  on  and  securely  bolted  to  the  upper  part  of  the 
centre  casting.  Suspended  from  these  beams  shall  be  two  pairs  'of  beams, 
one  on  each  side  of  the  centre  casting,  parallel  to  the  axis  of  the  bridge  and 
riveted  to  two  cross-girders,  one  on  either  side  of  the  centre  casting  placed 
as  close  together  as  practicable.  All  beams  shall  be  designed  particularly 
for  rigidity  so  that  the  amount  of  deflection  in  them  will  be  inappreciable. 
The  suspenders  shall  generally  consist  of  four  (4)  rods  with  nuts  at  each 
end.  In  small  spans  when  there  is  sufiicient  clearance,  the  cross-girders 
may  be  supported  directly  on  the  centre  casting,  or  the  supporting  beams 
may  be  nm  longitudinally  and  riveted  directly  to  the  cross-girders.  But, 
as  a  rule,  the  suspended  system  is  preferable  on  account  of  the  possibility 
of  adjustment. 

The  live  load  shall  be  carried  on  wedges  at  the  centre  of  the  span  and 
shall  be  transferred  to  the  said  wedges  by  longitudinal  beams  riveted  to 
the  cross-girders. 

The  span  shall  be  supported  during  rotation  by  six  or  eight  trailing 
wheels  in  bearings  attached  to  the  trusses  at  the  sides  and  to  special  struc- 
tural frames  at  intermediate  points.  All  parts  must  be  designed  for  the 
wind  loads  on  them  due  to  the  tendency  of  the  span  to  overturn  about 
its  centre. 

The  top  of  the  pivot-pier  is  to  be  levelled  off  with  neat  Portland- 
cement  mortar,  and  the  lower  track  is  to  be  set  in  same.  It  shall  be  made 
one  and  one-half  (13^)  or  two  (2)  inches  higher  in  the  centre  than  at 
the  edge,  so  that  the  water  will  drain  toward  the  latter.  A  small  gutter 
or  depression  in  the  top  of  the  pier  is  to  be  made  just  iaside  of  the  lower 
track,  and  at  the  bottom  of  this  depression  drain-holes  are  to  be  put  in, 
leading  the  water  from  the  gutter  down  on  the  outside  of  the  pier.  These 
drain-holes  are  to  be  at  least  three  (3)  inches  in  diameter,  and  the  tops 
are  to  be  protected  with  screens,  so  as  to  i)r(*vent  choking.  They  are 
to  be  spaced  not  to  exceed  ten  (10)  feet  between  centres. 

83.  Lift  Spans 

In  general,  the  preceding  specifications  for  fixed  and  swing  spans  shall 
govern  the  design  of  lift  spans.  The  following  special  points  shall,  how- 
ever, be  considered. 

The  operating  machinery  and  the  machinery-house  shall  be  placcnl 
at  the  centre  of  the  span.     In  truss  spans  the  house  shall  be  located 
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''^\  %k  the  top  of  the  towi^  the  main  tower 
by  the  aheave-ffirder.    lliis  girdor  diall  eooaist  ^^ 
mfitading  on  the  weight  to  be  lifted  atid  ^ 
section.    Where  the  column  is  composed  of  iMlr 
m&er  with  or  without  side-plateSy  a  Inn8^e4iiii 
used;*  and  where  it  ccmmsts  (rf  rdled  or 
turned  in  and  connected  by  a  diaphragm  of  fonr 
a  double-leaf  girder  shall  be  ad<^ted.    Th6 
together  at  the  top  by  a  shallow,  ringle-leaf 
be  anployed  between  the  main  tower  colunnia 
sontal  bracing  shall  be  used  between  these  gpfdel£ 

As  a  rule  skew  crossmgs  shall  be  avoided; 
and  a  large  skew  exists,  and  where  the  towers  aire 
on  masonry,  they  shall  be  built  up  of  four  verticil 
four  vertical  planes  and  in  the  top  horisontal  phiii^p 

Where  the  towers  consist  of  two  columns 
the  sheaves  shall  generally  be  supported  on  the 
and  on  subposts  supported  on  top  of  the 
webbed  girders  are  adopted,  or  riveted  between 
webbed  girders  are  employed.    In  the  f (mner 
braced  to  the  transverse  girder  between  the 
consists  of  two  colimms  alone  or  of  f oiur  coluBms 
tower  sheaves  shall  be  supported  on  subposts 

In  ordinary  towers  only  two  sheaves  shall 
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sivperts  and  oonneotions  for  maehinerjr  shall  be  prop» 

"^SU'hi&iA  eaified  as  well  as  for  all  otrossos  induced  by 

Mt4e  maehinecy;  and  an  impact  of  one  hundred  (100) 

!i!hh:app8ed  to  Ihe  latt^.    Hie  beams  in  the  madiinery- 

to  8Upp(»rt  a  load  of  5,000  pounds,  or  the  heaviest 

la  the  house,  in  addition  to  the  load  from  the  flocar 

|tB^«    Hie  unit  stresses  employed  shall  be  one-half  (H) 

specified  for  ordinary  structural  work. 
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86.  General 

inomUe  span,  either  hand  power  or  some  kind  of  me- 
ito  empkqred,  the  determination  of  this  point  de- 
ioeal  condilioBs.    Wherever  the  operation  is  very 
time  fcr  qpening  is  available^  YuKusi  v^'fiQc  xfifisj 
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1x1' Ideatioiis  where  snov  is  Hkalb^  to  6b^ 
seasoiii  proper  (irovisioii  must  be  niiade  Jc^ 
de^gOL  of  power  and  machinery  equipment.  ' 

For  railway  jQoors  the  area  exposed  to 
five  (85)  per  cent  of  the  gross  area. 

For  spans  where  unusual  whid  eonditknia 
must  be  given  to  the  design  of  the  operatioig 

In  determinmg  the  power  required  for  all 
well  as  in  designing  the  machinery,  the  efficieiiogrftcl 
shall  be  taken  at  ninety-three  (93)  per  oent.    !Sl^j|i>^ 
friction.    The  efficiency  of  a  set  of  bevel  geais 
five  (85)  per  cent.,  and  of  worm-gearing  at  fif^ 
percent.  ."y 

The  torque  at  the  armature  shaft 
throughout  the  movement  of  the  span  shall  be 
by  curves,  together  with  a  curve  showing  the 
at  any  time  during  the  operation  of  the  span. 


?t7^^v:, 


*    jW 


■St". 


C'tM^' 


»^- 


I'''      "1"' 


"^m 


87.  Swing  Spans 

For  centre-bearing  swing  spans  the  friction 
per  cent  of  the  total  load  on  the  pivot;  and  fee' 
tenths  (.6)  per  cent  of  the  load  on  the  rollers. 
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For  vertical  lift  spans  the  friction  on  the 
twelve  (12)  per  cent  at  the  start  and  reduced 
in  speed  of  one  (1)  foot  per  minute  at  periphery 
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spans  opening  in  from  one  (1)  to  one  and  one-half  (IJ^)  minutes,  the  ac- 
celeration should  take  place  in  from  ten  (10)  to  twenty  (20)  seconds  and 
the  retardation  in  from  ten  (10)  to  fifteen  (15)  seconds.  •  Where  the  time 
allowed  for  opening  and  closing  is  greater,  the  period  of  acceleration  and 
retardation  should  be  increased  correspondingly.  In  lifting-decks,  the 
time  for  opening  should  vary  from  one-half  (J^)  to  one  (1)  minute,  and  the 
time  of  acceleration  should  be  decreased  in  due  proportion. 

Except  when  the  span  and  the  coimterweight  are  at  mid-height  of  lift, 
the  counterweight  ropes  themselves  are  unbalanced.  This  condition  may 
be  overcome  by  special  balancing  chains;  but  when  this  is  not  done,  the 
weight  of  the  imbalanced  rope  must  be  taken  care  of  by  the  operating 
equipment.  The  force  necessary  to  overcome  the  effect  of  the  imbal- 
anced cables  is 

where  jB  is  the  weight  of  the  unbalanced  cables  at  any  point  in  the  travel 
of  the  span.  It  must  be  remembered  that  for  the  first  half  of  the  opera- 
tion in  either  direction  this  imbalanced  load  acts  against  the  force  tend- 
ing to  move  the  span,  whereas  in  the  latter  half  thereof  it  acts  with 
that  force  and  against  the  braking  action. 

For  normal  operation  a  wind  load  of  two  (2)  pounds  per  square  foot 
shall  be  assumed  as  acting  against  the  exposed  area  of  the  span  as  it  is 
seen  in  vertical  projection.  The  friction  on  the  guides  due  to  this  wind 
load  must  be  overcome  by  the  operating  ropes.  This  friction  shall  be 
taken  as  fifteen  (15)  per  cent  of  the  said  wind  load. 

For  normal  operation  of  from  one  (1)  to  one  and  one-half  (IH)  min- 
utes the  operating  equipment  must  be  capable  of  overcoming  the  above 
forces.  It  must  also  be  capable  of  moving,  the  span  for  all  wind  loads 
of  less  than  fifteen  (15)  pounds  per  square  foot,  although  the  time  of 
operation  under  such  a  condition  shall  be  increased  accordingly. 

The  span-locks  for  lift  bridges  shall,  as  a  rule,  be  operated  by  hand, 
when  the  operator  is  located  in  the  machinery-house.  However,  when 
mechanical  operation  is  required  therefor,  it  shall  be  designed  to  meet  the 
case  in  hand. 

89.  Bascule  Spans 

For  bascule  bridges  the  power  equipment  will  depend  on  the  type  of 
bascule  used;  and,  in  general,  it  will  be  governed  by  the  preceding  speci- 
fications for  lift  bridges.  For  rolling  bascules  the  coefficient  of  rolling 
friction  shall  be  taken  at  eight  (8)  per  cent.  The  operating  equipment 
on  all  types  must  be  capable  of  holding  the  span  in  any  position  for  a 
wind  load  of  fifteen  (15)  pounds  per  square  foot  on  the  exposed  surface 
as  seen  in  vertical  projection,  and  of  moving  it  in  the  specified  time  against 
a  wind  load  of  two  (2)  pounds  per  square  foot  thereon. 
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ling,  or  shall  be  provided  with  biM^  gbars. 
steel  pinion  shall  be  keyed  and  locked  ki^b^^' 
engage  a  cast-steel  gear  keyed  to  a  seooniUiiy 
motor  frame.    The  secondary  shaft  shall  f^ 
and  the  back  gearing  shall  be  luroper^ 
machine-cut  teeth. 

For  light  spans  one  motor  shall  generally 
span;  but  for  heavy  spans  two  motors^  al 
be  used,  if  the  engineer  so  decides.    Where  two 
operate  the  span  in  the  normal  time,  proviskm  AoM' 
it  in  a  longer  time  with  one  of  the  motors  alone, 
the  two  motors  shall  be  operated  in  seriCB 
shall  be  used  to  raise  the  ends  of  swing  spmsi 
and  gates  where  mechanical  power  is  used 
be  capable  of  developing  the  necessary  torque; 
for  performing  the  various  operations  within 
shall  be  rated  on  the  one-half  (H)  hour  basij^ 
Rules  of  the  A.  I.  E.  E.,  viz.:  t^v 

After  one-half  hour's  run  at  the  rated  I 
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part  of  the  motor  windings  shall  not  exceed  by  more  than  fifty  (50)  degrees 
C.  that  of  the  surrounding  air,  if  the  temp^^ture  of  the  surrounding  air 
is  twenty-five  (25)  d^rees  C.  The  permissible  rise  in  temperature  shall 
be  increased  or  decreased  one-half  of  one  per  o^it  for  each  degree  centi- 
grade that  the  surroimding  air  is  less  than  or  greats  th^i  twenty-five 
(25)  degrees  C.  The  normal  running  and  starting  torques  and  the  maxi- 
mum running  and  starting  torques  of  the  motors  shall  be  obtained  from 
the  company  or  companies  manufacturing  the  motors  selected.  For  nor- 
mal operation,  the  sum  of  the  normal  starting  torques  of  the  motors  shall 
be  slightly  in  excess  of  the  starting  torque  needed  to  move  the  span,  and  the 
sum  of  the  normal  running  torques  at  maximum  speed  required  shaU  be 
slightly  in  excess  of  the  running  torque  required  at  the  end  oi  the  accelerat- 
ing period.  Where  two  motors  operate  the  span,  the  maximum  starting 
and  running  torques  oi  each  motor  shaU  be  well  in  excess  of  the  total 
starting  and  running  torques  required.  Und^  all  conditions  of  operation 
there  shall  be  no  injurious  heating  or  sparking  oi  the  motors.  The  speed 
of  the  motors  throughout  the  operations  shall  be  such  as  to  open  or  close 
the  span  in  the  required  time. 

All  motors  shall  be  equipped  with  standard  8<^noid  brakes  with  a  brak- 
ing torque  that  will  stop  operation  in  the  required  time.  These  brakes 
sdiall  be  set  by  sjxings  or  other  mechanical  means,  and  released  by  sole- 
noids operating  only  when  the  motors  .are  drawing  current,  except  as 
hereinafter  provided.  The  scdenoids  dball  have  ample  capacity  for  all 
currents  passing  through  the  motors  without  exhU)iting  injiuious  heating. 
The  friction  surfaces  shall  be  oi  materials  ncrt  affected  by  moisture.  To 
make  coasting  possible,  a  release  shall  be  provided  for  each  solenoid 
brake,  allowing  it  to  draw  current  when  the  motors  are  shut  off  at  the 
will  of  the  operator.  Weatherproof  motors  shall  be  provided  with  weath- 
erproof solenoids. 

Motors  shall  be  moimted  so  as  to  afford  easy  access  for  inspection 
and  repairs.  They  shall  be  supported  on  good,  substantial  brackets  or 
foimdations.  For  each  size  of  motor  there  shall  be  furnished  the  follow- 
ing extra  parts:  one  armature,  one  set  of  field  coils,  one  set  of  brushes, 
and  one  pinion  and  one  split  gear  (if  the  latter  two  are  supplied  with  the 
motor)  fitted  and  ready  for  quick  installation. 

Controllers  shall  be  oi  the  reversing-drum  type  with  contacts  pro- 
tected by  blowout  magnets,  except  where  the  currents  are  too  large  for 
the  ordinary  controller  or  where  remote  ccoitrol  is  necessary,  in  which  cases 
there  shall  be  magnetic  switches  on  the  switchboard  operated  by  master 
contrcdlers.  All  contrdlers  shall  be  of  ample  carrying  capacity  to  oper- 
ate the  motors  imder  all  conditions  without  injurious  sparking.  They 
shall  be  capable  of  varying  and  maintaining  the  speed  from  zero  at  the 
start  to  the  maximum  running  speed  without  injurious  sparking  or  shock 
due  to  sudden  variation  in  speed.  Sufficient  steps  shall  be  pix)vided  on 
the  controller  so  that  the  torque  of  the  motor  will  vary  approximately 
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ABD  and  DBF,  respectively;  A  and  C  are  the 
the  brake-band  to  the  bell  crank  ABD;    H  m 
LH,  and  0  is  the  connection  point  for  the  link 
Let  K  a-  Force  applied  on  the  brake-lever.        "-^^ 
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T  =  PR  =  Torque  to  be  overcome. 

7|  =  Pull  in  the  brake-band  on  the  taut  side. 

T,  =  Pull  in  the  brake-band  on  the  slack  side. 


X  =^ 


ThenX  = 
P  = 


e  =  Base  of  the  Naperian  logarithms  =  2.71828. 

/  =  Coefficient  of  friction  between  the  brake-wheel  and  the  band- 
blocks. 

0  =  Angle  of  contact  between  the  brake-band  and  the  brake-wheel 
in  radians. 
=  e".     (See  Table  78d.) 

P 


T,  = 


X-1" 
XP 

x-r 


Ri  X  Ra  X  Rb 


TABLE  7Sd 
Values  op  X  for  Hand  Brakes 


Angle  of  Contact 

Ratio  Ti  to  r,  -  A 

/  -  207o 

/  -  30% 

100^ 

1.418 
1.520 
1.630 
1.748 
1.874 
2.010 
2.155 
2.311 
2.566 
2.850 

1.688 

120^ 

1.874 

140° 

2.081 

160* , 

2.311 

180° 

2.566 

200° 

2.850 

220° 

3.164 

240° 

3.514 

270° 

4.111 

300° 

4.811 

Where  an  electric  brake  is  used,  it  shall  be  set  by  a  spring  and  released 
by  a  solenoid.  The  brake  will  always  be  set  except  when  the  span  is  to 
be  opened,  when  it  will  be  released.  If  it  is  needed  during  the  operation, 
it  will  again  be  set  by  cutting  current  off  of  motor.  It  shall  be  so  designed 
that  no  injiuy  will  result  if  released  indefinitely.  There  shall  be  a  shunt 
circuit  controlling  the  solenoid,  and  it  shall  be  so  arranged  that  the  brake 
cannot  operate  while  the  motor  is  drawing  current.    A  mechanical  release 
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All  wiring  shall  be  douUe-hra^dedy 
ample  c^mcity  to  carry  the  euirents 
mum  loads  without  injurious  heating  and  to  , 
tion.    No  wires  shall  be  less  than  No.  12  %  Ik 
be  drawn  without  injuring  them  into  loricated  ^ 
These  conduits  shall  have  as  few  bends  as 
connected  to  all  apparatus  so  as  to  provide  n 
wires,    ta  case  alternating  current  be  emplpyedi  aft 
(both  feed  and  return)  shall  be  placed  in  takb 
used,  shall  be  so  thoroughly  made  and  arranged 
current  to  eith^  the  superstructure  or  the  su 

In  draw-spans  the  supply  cables  may  be 
the  river  and  up  through  the  pier.    Li  either 
be  iMovided  to  conduct  the  current  to  the  blidfet 
rings  shall  be  protected  from  the  weather, 
cables  shall  be  used  when  the  wires  are  plaeed 
shall  be  separate  cables  for  the  supply  and 
cable  shall  be  composed  of  nineteen  strands  of 
less  than  ninety-e^t  (98)  per  c^it-  oond^ 
diall  be  not  less  tiian  five  thirtynseconds  {%^ 
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contain  not  less  than  thirty  (30)  per  cent  of  pure  Para  rubber.  There 
shall  be  one  winding  of  tape,  and  a  lead  sheath,  three  thirty-seconds  (/^) 
of  an  inch  thick,  the  lead  containing  three  (3)  per  cent  of  tin;  also  a  sub- 
stantial jute  and  asphalt  covering  and  an  armor  of  galvanized  steel  wire 
of  suitable  size  for  the  diameter  of  the  cable.  The  cables  shall  show  at 
sixty  degrees  Fahrenheit  an  insulating  resistance  of  five  himdred  megohms 
per  mile  after  five  minutes'  electrification.  All  feed  wires  shall  be  pro- 
tected by  a  pole-switch  fuse  and  lightning  arrester  moimted  on  a  non- 
combustible  and  non-absorbent  insulating  base. 

In  lift  spans,  vertical  trolley  conductors  shall  be  placed  on  the  front 
faces  of  the  towers  and  shall  extend  for  such  a  height  that  the  collectors 
attached  to  the  ends  of  the  lift  span  can  take  current  for  any  position  of 
the  span. 

The  contactors  for  making  or  breaking  the  electric  circuits  to  operate 
the  indicator  lights  or  similar  connections  shall  be  of  substantial  design 
and  of  a  type  that  has  been  operated  successfully  under  similar  conditions. 
They  shall  be  protected  from  the  weather  and  be  easily  accessible  for 
inspection  and  renewal.  All  circuits  shall  be  so  Mranged  as  not  to  inter- 
fere with  the  track  signal  circuit. 

Switches  of  the  quick-break  type  and  of  approved  design  shall  be  pro- 
vided for  each  supply  wire  and  for  all  circuits.  They  shall  be  mounted 
on  the  switchboard  in  the  operator's  house.  The  switches  shall  be  de- 
signed to  carry  a  current  of  not  more  than  nine  himdred  (900)  amperes 
per  square  inch  of  cross-section.  Any  knife-switch  shall  have  a  capacity 
of  not  less  than  one  hundred  (100)  amperes.  Emergency  switches  shall 
be  used  as  noted  on  page  1704.  Automatic  circuit-breakers  shall  be 
placed  on  the  switchboard  to  protect  each  motor  circuit  from  excessive 
ciuTents.  All  other  circuits  shall  be  protected  by  enclosed  fuses.  A  volt- 
meter and  an  ammeter  of  ample  capacity  and  standard  make  shall  be 
placed  on  the  switchboard. 

A  switchboard  of  first-quality  slate  and  proper  design  shall  be  placed 
in  the  operator's  house.  It  shall  be  of  ample  size  to  carry  without  crowd- 
ing all  meters,  switches,  fuses,  circuit-breakers,  indicator-lights,  etc.,  and 
shall  be  attached  well  above  the  floor  to  a  substantial  frame.  All  apparatus 
on  the  board  shall  be  properly  labelled  as  to  its  use. 

Electric  Ughts  of  sixteen  (16)  candle-power  shall  be  placed  in  the 
house  so  as  to  provide  ample  li^t  for  the  house  and  for  the  inspection 
of  the  machinery.  Lights  with  weatherproof  sockets  shall  be  used  on  the 
outside,  on  the  stairs  and  walks,  and  at  other  points  where  needed.  All 
lights  shall  be  controlled  by  suitable  switches.  A  light  shall  be  placed 
over  each  indicating  instnmient  or  so  arranged  as  to  illuminate  its  dial. 

Channel  and  signal  lights  shall  be  provided  for  the  guidance  of  boats, 
as  required  by  the  U.  S.  Government. 

Track  signals  when  required  will  be  furnished  and  installed  by  the 
railroad  company,  which  will  also  furnish  and  put  in  place  all  levers  and 


*;;'!  .-"rKSft ! 


'■•>*.w.. 


iitttt  lift  nf  tlift  inort  •  fliidMtantiftl  ooMtnifltiaBu 
i('t0i)ta»,  baiftd  oq  the  rated  horaepa#er  ol  ^  niii|i|i^ 
Mt'^eiiife  ki  eaEcafli  of  the  JBOBjaausEOk  toraoe  liimniiiti  i 
itf:  |ilif()iiiiiiC  the  opfwrrtiop  a  the  thoe  jpecttnit 
ilppilli^  to  enseed  m  tandied  (600>  feet  por 
jjjgl^jlgll^..^  flfilj^fMi  shall  be  jnfltallftd  for  tqwffatJM 
fJiJ^iilmfatiM  the  locskB.  wede!ee»  asul  jsalee^  lihea 
ipiftted^    Qa  l»idgeB  of  kn  iaq^ortaiiee  ik  #l|ij|^ 
f^  aft,  cpBTOti^      wbkk  cam  ptvpar  pioiiiloii 
inf  jj^rapi  intte  aet  of  maehiiiecy  to  the  othet* 
Mll^iif^  IQ  Bf^  the  load  gradual^  to  i&mmif^ 
Ain^^  iTpB^  iliudi  rotate  in  oae  direetioii  lii## 
ammsod  in  diqdez,  murt  be  used  so  as  to  jniikia 
of  the  machinery  in  both  directioBe.    For  tb^ 
ehitdJiwiU  be  mi^eient.    Rnginee  of  ten  (10) 
be  started  by  comiuraased  air*    Ensnee  ahatt  be 
oodbdy  as  beat  auita  the  caae  in  hand,  and  aQ 
their  complete  operation  shall  be  provided.    1|«|| 
placed  outside  of  the  engine  house.    Indicatota 
the  positions  of  the  span,  locks,  and  wedg^s^ 
ahall  be  provided  as  for  electric  operatioii. 


y^riS^ia^ 
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03.  Oeneral 
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The  machinery  equipment  shall  include  jtf 
moves,  as  well  as  all  parts  by  which  the  motion  i 
trolled,  together  with  all  details  necessary  to 

All  machinery  shall  be  of  simple  but  substi 
be  designed  so  as  to  be  easily  erected  and  a4i 
tain  its  alignment  after  it  is  finally  placed  and 
part  of  the  -equipment  must  be  ^udly  accessiljfe 
oiling,  tightening,  etc.|  and  the  whote  of  it  abiH^ 
part  can  be  readily  removed  for  repairs  or 
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m^. 
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Jlfafm  of  tiie  lyiachinfMry  eqi^HMttt,  ilb 
^#%l  lOii  ahatt  be  detayiiloi 

Fot  ii?iii|Had  bolto---^^ 
iWtq^Mdlii^^  or  loKged  steel 

Par  losg^  €0^^  A^dosi  ahaftSi  tninnioiis,  aorew^,  womu^  uttl 

or  f CMFged  sted.    Shaftiiig  inns  and  traimioiifi  over 

shall  be  of  fcvged  ete^    Shafliiig  tuukr  four 

be  of  oddrioiled  stod*  -  '^^^ 

coiimecdiig-iodsy  and  rope4K)dBeto---f(irged  erwi 

diaU  be  dn^p4teged  uiilew  too  large  for  Ae^isiiuti^ 

woAl  a  ease  eithfir  spedal  dies  shaD  be  madeoiroiife^ 


jfilHiittffr 


i^r^^ 
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eoaidoyed. 
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^%^ 


MKtSi 


of 


"-^•W»'*^ 


beifiigi  and  base  of  pivotHstands,  and  Ux  rdkri^  traek^ 
spdare  Aoee^  latdtrcaetrngB,  sheayea  under  thirteen  «id* 
ijBa^Qeter^  rims  and  hubs  for  sheaves  over  thirteen  ai|d  a 
;#aQ0tery  guide  and  centring  castings,  toothed  wbedsi 
katA  l^rake-lever  stands — cast  steel.  Pinions  sbatt  tMl 
unless  they  are  too  large  for  foipngSi  in  winch  osiiii 

itadnkAA  to  reduce  the  bearing  area,  abnudon,  or 

eartingi— ^nanganeae  steel. 
discs  ol  pivots  and  the  linmgs  of  journal  bearings  oi 
brbnse  for  heavy  loads  and  slow  speeds, 
and  footstq)  bearings  and  other  rotating  or  did- 
seising— i>hoq>hor  bronse  for  light  loads  and  IJ|^ 


be  lised  for  light  loads  and  low  speeds. 

cables  and  operating  caUes — ^plow  sted. 

used  fw  imimportant  parts,  sudi  as  small  shaft 


weif^t 
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05.  JLoods 

the  supporting  and  the  operating  machinery,  the 
Ijhl' taken  the  same  as  those  for  whidi  the  pdmr  equip- 
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M.  UniUSire99eB  

1^  tbe  operating  madunery,  under  ncMmat  odildi* 
bl  Table  78e;  and  those  for  the  supporttiiK  oi»|. 
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pQf  atiuaie  inefau 

parts  8udi  Imi  rfiafting»  m  niil^  ^ 
Miilt  stretaeB  shaU  be  takaai  aa  one-lialf  ^^  „  . 
and  for  parts  such  as  tniBiiioiis,  in  whidi  toi|^:    ^ 
slowlyi  the  unit  stresses  shall  be  taken  at 
values  for  supporting  machin^y. 

The  strength  of  out  gear  teeth  shall  ec^Of^M 
one  tooth  only  being  assumed  to  take  the  entire 

W^apfy; 
ia  iidiich  TT ->  tooth  pressure  in  pounds,  ,,  ..^.^i^ 

«  -  aUowable  intensity  of  working  nti^  "^ 
s  15,000  pounds  for  vdocities  imder  i^, 
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18,000 


600 


(flooT-J '" 


vdodties  over 


and 


V  «  velocity  in  feet  per  minute, 
p  »  circular  pitch  in  inches,  .^r  i{ 

/»  face  of  tootii  in  inches,  rHsd^. 

y  «  factor  depending  on  number  of  teetliirt^ 
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*  With-  -i  25  and  lees,  use  9,000  Umu  for  strociiifial 


for  foiged  and 
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irtr"^  liBiifii  fairih  for  bMriiiK  tsBt  I'liiiniliiifr 
lit ai:loMow9:  ^  .^'^  ^•'^:^ 

^^#»iMpliC  M4fOB^  hacdttMd  steel  mi  pkuh  .  '     l4^ 

%MttiDM  fcMP  tgnimirtng  of  Kft  and  hesfnile  -v^i-iyt- 

^^itad^eli  lilMMniMiff  i)f€iiee# .  *  < 
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;  l^lOIMhtfl'r 
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jflf    :^  ?'i::''ti  i.^/ijifia. 


iUelefii  iiaidened  ete^. 
on  pkoqdiof  bfome. 
iiMi  (not  httrdeiied)  cm  phosphor  \sBQiBm,* 
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fiteel  on  Babbitt  90M6tiijl.  ...••••••••  t  ••  f  • 


.f"r: 


•  •••••••  •'•  •  •  •  •  • 


■  ^••,  ••••••••'••* 


.-«  •■.  •  •  • 


-4         '*  ♦      * 

1,800  Dbfct 
400  Am. 


■'=>■"; 


f^mfi^mm 400  IN. 

prafent  heating  and  aeiviR^p  at  J^gh  q9e«to,  the  praaeure 
^9^l&it^  bearingg  for  TertiiMil  ebafte  and  jouisaale  si^dl  not 
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80,000 
800|OuO 


.-^^ 


(rf  terohitiaiis  per  mmute, 
of  journal  or  pivot  in  indieSi 
&  pwnde  per  square  indi. 
[ftlttl  simflar  joints  with  alternating  motion  tiie  above 

fad  pounds  per  lineal  inch  of  roHer  in  ttotim 
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ftrttX^Cv^ 
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of  r^ltar  ilk  iwhA^^ 

jiWiSt  ftwf  M-'tfiff  ^jinA  Aiaterial  itbifl  bo  m  Ifi0dpi5i  ^ 
— HRir  faalb  nibiiiiDg  011  fiat  8iirfooQB^..;/..v^ 
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Tnxakigitgx^ibfmcf^T^ 
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pm  penniaBiUo  load  in  pounds  per  batt^-'  '^^"^i 
Md    tf  ."•  diaoMter  gf  ball  in:  indbea.  li  0  3   *^  ' 

iWfmoeding  values. for.  roUen  and  balk  in 
for  fdlen  and  balls  at  reel:  1  Tf 

The  total  stieos  m.  the  operating  Yopos  e^ 
shall  eoDost  of  the  direet  and  bendfa^  staraaseib 
equal  the  <Urect  load  on  ibe.ix^e.. .  Xbe  .beodsBfi 
siined  from  the  followingioiiniil%        ,^        !'    vtu^ 

IT- ^^r— -;      vj.;j4. 


2^;j+^    *:  riii^i,^ 
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where  X  ■=  bending  stress  in  rope,  -  s^   i^styyh^ 

B  »  modulusof  elasticity  «> 28>50ei000;  ^  '>V 
-    a  «>  metallic  area  of  rope  in  sq.  iiiy 
*  R  »  radiusof  sheave  in  inches  measured 

-■;       d  s  diameter  of  wire  in!  inches,     '  v- iat 

aod      c  »  constant  «>  16.45  for  6  X 19  Top6.       '^ .'] 

r 

For  the  coimterweight  ropes,  the  ratio  of  the 
stress  (including  bending  shall  not  be*  less  •than  tll^' 
tiie  Intimate  to  the  direct  not  less  than  six  (6). 

For  the  operating  ropes*  the-  direct-  load  *8haH 
pull  required  to  start  the  span.    The  ratio  fd. 
total  stress  shall  not  be  less  than  one  and 
of  the  ultimate  to  the  direct  not  less  than  five  (J 
c  7^.  Tables  16a  and  166  give  the  weight,  areas, 
limits,  and  bending  stresses  of  6  X  lOwire  ropes 
,     Rope  sockets  shall,  havei  an  intensil^  of 
65,000  pounds  when  the  attached  ropes  are 
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for  Idto  dwfibrflliiai  ibH  ^  ttftAitiitt^d»^ 
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llHi^^^EttlfM^^tlili  itiid  live  I^  <«i  tt»  pivoi  fiv  flhafl  b«  Mitftil 
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>|l^||lii#ii^^        to  sueh  bevel  as  to  ta^ame  perfset  eclii^tti^'iiflil 

mm^iMt  aegniebts  are  to  be  iivefed  w  bolMl  %^ 
^liiHM^  d^        Aram  idtb  fiffeeiHAttieaiCIis  f^o)  &dl 
fliM(i-^d^^  QMMsed  not  to  esroeed  flEleeii  CtJS}-io^^^ 

^iMiNyiif  >  fbe  beada  of  theee  bdte  <»r  ifveto  are  to  b^  eotaiibiK 
#Di  Ifte  nde  next  to  the  fODere.    No  rost  ewBcjiit  xi^  lity  "^ 
k  to^^be  used  between  tibe  track  aiid  liie  ditini.    -  -*  - 
liendt  li  to  be  iiiade  8trdb|(^  to  cfistribilte  iSbe  loid 

^pM' wifiki^  Qfver  the  maflonry.    Its  top  is  to  be  phoitill^ 
aiBtfiee  to  fit  dosdhf  to  the  conical  roltoe.    Il^beiiifiiil 
l6^#er  tnidc  is  to  be  fomd  by  the  fonnidai 

oioaifiat  on  lofweat  track,  W  •■  total  kiad  on 

hjm09l9MOB  ftwd  omtre  to  c^ite  of  adjaooit  rdlsiB» 

iBiaiie^ fine  of  the  track.'  llie  lower  track  shall  be  nuufe 

lit  (a>  to  ei#it  (S)  feet  m  length.    All  abutting  aids  43f 

ave  to  be  idaned  anooUi,  are  to  have  dose  contaet 

to  be  bolted  together  at  eadh  jomt  by  not  lees  than 

Alpiiil^  ^bs  in  lu^  These  bdUis  aieito 

(^0)  of  an  mh  in  diameter.    In  no  cMi 

.betllss  than  two  and  one-quarter  <2^  indies  thldc 

onuandtinee^uarters  (1^  indies  for  U(^way  spaai^ 

IMii  two  and  iaaeJialf  (2^  inches  thidc  foi^ieift*^ 

ladbeB  fof  hiidiwasr  sMns.  measurins  on  the  otttttiit 


"^on. 


jba  anehoced  to  the  top  of  the  pboti^  iW 
tg^Jaebm;  diameter,  nor  kst  tblMa  fiS^MKkt^O^ 


.•  ■  l^^l^iife^^ptlM  s, 
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m^ 
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s^. 


ii>ti9[  ^twM^  ill  tile,  iml^^  ^: 
>iii(^jiiABM^  no  that  thoni  bMiiaM  ^bmh  Ite  JhmI 

6Did8  of  tibA  ndial  rads  ais  to  iibm  tlicMdkisAfr 
Uppft  to  ttttMli  to  a  drcuiar  irfiM^e  fittiag  dpfd^ 
'l^ttm  mdial  rods  are  .to  be  pfovided  irHh  awti-^^ 
4df  ;tfie  K^km.    Oa^  fl(|iiare  aeotioiis  aie  to  bet  Miil 
inuflt  contain  at  kttst  one  square  indi  of  icni<igi» 
paaEDng  through  the  roller  must  be  upset  so  as  to 
for  the  latter  at  least  one  ziA  one-hfdf  (1^  injehip 
outer  ends  of  these  rods  are  to  pilSs  throu^  a  sl^ 
built  duinhel  seci^ni  whidi  is  io  iehf^  Us  a 
diaittids  must  be  made  iride,  but  not  d«^  iitt^ 
tMumnensuiate  witli  tiie  tise  of  the  ti^ntajblii. 
frcxn  the  rollers  by  friiotion-washers  on  ti0  r^dsi'  U^ 
roilers  colkuis  are  to  be  fbrged  luid  turned  on  Ite 
said  rollers  in  exact  position  on  same.    Aa 
commensurate  with  the  magnitude  erf  tibe  druiii|li 
radial  rods.    For  small  bridges  thb  ring  im^ 
with  a  pair  of  small  lug  angles  riveted  tiiMteto  M^ 
as  near  the  inner  ends  of  the  rollers  as 
arrangODient  should  be  somewhat  modified  bf 
the  form  of  a  smidl  curved  plate-girder  ^jfteg  M' 
rigidly  braced  to  the  centre  casting  by  radlil 
tiie  outer  ends  to  the  curved  {^rder  and  at  the 
lar  plate  which  fits  snu^^y  around  a  turned 


JW^-.' 


m 


,i|r-^< 


L^gMlratr 


Im^Fl 


^^5 


.V\^ 


:>.:1.. 


^"^^ 


^-■>A-:.'v7'' 


•*«::-.; 


}^ 


.•^^# 


^c^*' 
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lav  fys  fliMiM^^^ A^ 

i4fi(ii  Mtalit  001  iMt  ijwthigjwi  to  be  ImlMl' i 
fwiliiHiff  oiiiiiwiiftiiii  m  iiunr  *  liiiMr  lie  eeiOr  loSedis^^ 

^bii*  in  MM  OBlr  H  omB  |K3ftiQa  M^^ 

jfliiiii imBMBiljiJiiiB  ta  be' hoKed  to  the  lomt  iieiok  ^iM^^ 

jkji  jioMieit  fUbam  (IS)  iMiie  birtwpen  e»trai.  In  onir 
tttieHiDiHiL  lif  th^iffi  m  kanw  fine  flfinMnt  of  the  tnek  to' 
iBunki' Av  eceriiiiaiilMiie.  ihe  entiie  dbear.  end  Bko  the 
lotrtoig  im^  caused  by  the  tooth  preamue  of  the 
^Hhiil^  The  leeet  aUpweble 

1|ei  fte  mek  di^  he  coe  and  one^eii^bth  (1^  msbm, 
eeBnente  are  to  be  Dlaned  ao  as  to  secure  chxie  eon* 
ends  iwe  to  be  boited  togBther  with  turned  bcMi 
Q^  ef  ea  ioeh  in  diameter.    The  bottom  of  the^ 
ef  ilm  lower  trad^  upon  which  the  rack  beeif  lurec 
The  width  of  the  beae  of  the  rack  shall  be  afc  leeaCi 
it;  and  ribs  htacing  the  verticM  porticwto  thi 
at  diptenees  not  exoeeding  eichteen  (18)  ia^beii^ 
line  iaeh  in  dieaoeter,  qiaoed  not  auire  than  laQt 
Aall  be  boved  in  the  JowpgHtniek  negnieiiilt: 
oi  Ae  rack  and  kadina  to  the  ootakle  ^ctf  jitif 
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A  nifit  ittM  iMiiB  MipiigwMii  i[ 

be  118^    Tike  |F^^*^4HiMWfffW 

*PH»  #i|Mr  tmrfjirmt  ttf  JhtiH^  'tBtti  i>hlB.' 
igtI/iiiMfc'  «gi«i»'-  flat'  the  faimr  ciiiithiiii  eiMl  fcii 
iiiiiHii^iiritk  4ie  di^Kiig  efaail  take  yimrr'  €ft  tiH^ 
#ltrtid  beg  flbaH  be  pilMed  arotiicl  theie^ 
liM  eMiiiig.    Tide  box.  diaD  be  <rf 
^i^Mee  of  cbe^yrt^^Hweoiid  (^  el  in  Ipiii^i 
ttiilbGaL    It  lAttll  be  nuufe  i&  eedJone  and  beMI 
x«ltl»^  for  tbe  Bttpeefekm  and  the  w^mml^^ij^ 
mMfrnKOf-    BeamHareular  TBrtical  oil  greovn^.^ 
I^laeed  aiPOQiid  the  inside  oC-' the  bo9diig4ttid 
aMmadtbetop.    OU  faolee  leedrng  iato  lUi  eftjil^ 
ill  4ie  tqp  caetiiig*    The  latter  shall  eoea|^ 
ftamdxutf  ete.    Oil  grooves  of  three>^ei|^bths^»!ai^^ 
ha  diametral  lines  across  both  faces  of  the 
uudi  in  diameter  shall  be  drilled  in  aH  thife 
hc4e  shall  feed  into  <h1  grooves  out  on  diametral 
of  the  base  casting.    Holes  shall  be  diflled  iiito:liiii^ 
of  these  pxwves  and  t^>ped  for  dinia  pqies. 
at  the  discs  shall  be  polished,  whereas  all  oI1m# 
finished.    The  base  casting  lEbaU  be  wdH  alM^oiicI 
than  ei|^t  bolts,  each  one  and  oneJialf  (1^  laehflti 
(3)  feet  long.  "'-^ 

The  circular  track  for  steadying  the  iapan 
operating  rack  are  to  be  cast  s^)arately  in 
^ectively  so  that  broken  rack  segments  magr  bf 
previous  specifications  are  to  govern  the  deeiga  el 
excepting  that  the  track  may  be  as  narrow  as 
ally  there  are  to  be  six  (6)  or  eight  (8)  trailing 
teen  (18)  inches  in  diameter  and  six  (6)  meheS 
less  than  three  (3)  inches  in  diameter.    The  wfaesK 
dial  position  so  as  to  run  truly  on  the  track;  aod 
fastened  in  correct  position.    Provision  shatt 
rollers  so  that  they  will  just  clear  the  track 
The  rollers  and  support  shall  be  designed  to  talti^ 
teen  (15)  pound  wind  tending  to  overtiun  the  S| 
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^v)03r^  aatiafaMrtoiy  mpixirte.    When  uaad  thegr  tii^^fm^^' 

1|ier|ni0Be8  and  bear  dareet^  under  the  aaniain  thivllBi^ 

The  apper  wirf»ce  of  the  wedg^  diatl  bd  Wlliwi 

to  five  (5),  and  shall  engage,  guides  in  ibe  laiiW  iMWlMl 

^ii  ldir^e%  attached  to  the  truss  so  that  the  ip^odlMI^ 

ibib  Bpaxi  when  swingmg.    The  kmer  surface  of  the  #lli||e 

I;  sxid  AaD  bear  od  the  bas^  casting  Hiai  is  boKed  #» 

The  base  casting  shall  have  guides  to  epg^^^the 

t^  must  not  interfere  vA^  the  i^an  ^ 

are  to  be  finished  and  polished, 

beaiEmgi  are  employed,  rollers  are  to  be  prgtfded  bs^ 

qf  the  trusses  and  attached  to  the  spa^  by  means  of 

iit^  t^  struts  attached  to  the  pins  passing  through 

lijMiolllie  renters  shall  be  parallel  to  the  trusses  and 

Ofmation  in  a  transverse  direction.    The  toljmm 

IIS  to  provide  a  fairly  dose  fit  over  the  pins  at  the  botr 

J^Mh^  tiie  pins  and  the  insides  erf  the  roUeis  must  be 

tftjuad  provision  must  be  made  for  oiling  the  beacingi' 

aoBor  shaU  be  less  than  six  (6)  inches  In  diameter,  and 

shall  not  be  less  than  three  and  ono4ialf  ^i^ 

Isidlgss  wherei  on  account  of  infrequent  op$s^0m 

qiUmpmiiar^  there  is  a  tendiBBP^^toi^l^^ 
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101.  LakhJmr^Hbm 

To  bring  the  draw  span  to  rest  and  proper 
automatic  latch  of  the  Pencoyd  type  shall  be 
at  the  centre  of  each  end  floor-beam. 


102.  Suspending  Cabks  for  Vmii4>d 

In  vertical  lift  bridges  the  movable  spitti  shall 
terwdght  at  each  end,  connected  to  the  spiOl  lirf 
riieaves  at  the  tops  of  the  towers. 

These  comiterweight  ropes  dball  be  of  pleiT 
six  (6)  strands  of  nineteen  (19)  wires  each,  laUl^i 
They  shi^  be  of  approved  make  and  irfiall  eonfdIWi 
Table  lOa  as  to  their  elastic  limits  and  uHteAti 
diall  be  designed  as  noted  wider  ''Unit  8 
anall  side  leads  as  possible,  in  no  case  eka&ed^ 
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iiqpafiier  bttr  flhidl  be  made  with  the  centoe  pin  bdow 
0triaM^  niU  depend  on  the  layout  and  design  of 
^liof'  vertical  links  diall  be  used  between  the  baia 
Mk'iteG&m,  as  noted  below.    The  layout  of  the  equal* 
^Itast  ^ype  of  Gounierwdf^t  used^  wiiether  sectional  or 

ropee  shall  generally  be  attaehed  to  each- 
||t|4bi&er  baris  shall  be  placed  paralld  to  the  axis  of  thb 

e^bt,  the  upper  equaliser  bars,  to  eadi  of 
iiltectod,  diatl,  as  a  rule,  be  placed  transveiedy  iiL 

be  attadted  to  the  lower  equaiiMr  iMiBp 
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Tower  diesves  having  a  pitcdi  diameltfr       ^  .^^.^^ 
filet  and  under  diall  be  made  of  east  sleei^  and  ^ 
abaU  be  buiK  up  of  Mractoal  steel  witk  4 
pileh  diameter  of  the  sheave  diaU  not  be  Isii 
diaii(ileter  of  the  rope.    The  ropes  diall  be  qiaoei 
Impart  equal  to  the  diameter  oif  the  rope  plus 
The  grooves  in  the  sheaves  shall  be  made  WM 
between  the  grooves  shall  be  rounded  off  witli 
onfrHBJfl^th  (yQ  to  one-quarter  (f^  inch  below 
fiffi^^from  out  to  out  of  rim  shall  be  equal  to  llii 
oentres  of  the  end  ropes  plus  two  (2)  diam«itef9  tt: 
of  the  rim  shall  projeot  one-half  Q^  tho 
the  pitch  line.    The  inner  face  erf  tiiis  Up  shift 
(15)  degrees  with  the  vertical. 

Tower  sheaves  shall  have  not  less  than  ei|^ 
tee,  cross,  elliptical,  or  H  in  section.    Each  rib 
to  carry  the  load  on  the  sheave,  distributed  over  Ik 
distance  from  centre  to  centre  of  spokes,  and  tof 
to  the  friction  on  the  journals.    In  all  eases  iriMf 
two  ribs,  one  at  each  side  of  the  sheave,  the 
ported  between  these  sections  for  its  full  width, 
supported  longitudinally  between  the  spdces. 
diameter  shall  be  one  and  eight-tenths  (1.8) 
shaft,  but  shall  not  exceed  the  said  diameter  by  matH^ 
The  hub  i^ll  have  a  greater  length  than  the 
of  rim.    It  shall  be  made  to  bear  on  the  shaft 
side  under  the  spokes. 

Structural  sheaves  shall  be  built  up  of  platei 
line  of  the  said  sheaves,  one  or  more  bdng  used 
a  segmental  castHsrteel  rim  and  oonnectiad  hjf 
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plates  should  have  openings  in  them  between  these  diaphragms.  These 
plates  shall  bear  on  the  shaft  and  shall  be  reinforced  for  bearing  by  ad- 
ditional plates  and  the  hub  castings.  The  latter  shall  consist  of  circular 
discs  on  the  outside  and  a  spool  between  the  webs.  The  inside  casting 
shall  extend  across  the  journal  for  the  full  width  between  plates,  but  shall 
bear  on  the  journal  only  the  required  amount  at  each  side.  The  webs, 
reinforcing  plates,  and  castings  shall  all  be  riveted  up  and  then  bored  for 
the  shaft. 

The  rim  sections  shall  have  side  flanges  for  connection  to  the  side 
plates  of  the  sheave  and  cross  ribs  at  each  diaphragm.  These  cross  ribs 
shall  be  riveted  or  bolted  to  the  diaphragms.  The  entire  load  from  the 
ropes  shall  be  delivered  from  the  rim  to  the  structural  part  of  the  sheave 
by  rivets  or  tiuned  bolts,  no  reliance  being  placed  on  any  bearing  that 
may  exist.  All  abutting  surfaces  shall  be  finished  for  perfect  contact. 
The  grooves  in  the  rim  shall  not  be  turned  until  the  segments  have  been 
assembled  and  riveted  or  bolted  to  the  structural  work.  Drain  holes  shall 
be  provided  in  all  sheaves  where  water  is  likely  to  collect. 

106.  Tower-Sheave  Shaft 

The  shaft  for  the  sheave  shall  be  designed  for  the  greatest  bending 
and  shearing  stresses  that  may  come  on  it.  The  diameters  of  the  por- 
tions in  contact  with  the  sheave  shall  be  greater  than  that  of  any  other 
part  of  the  shaft,  the  diameter  at  one  bearing  point,  and  the  correspond- 
ing bore  in  hub  metal,  being  not  less  than  one-sixteenth  (/{g)  of  an  inch 
larger  than  that  at  the  other.  The  sheave  shall  be  pressed  on  the  shaft, 
and  not  less  than  three  keys  shall  be  used  between  the  sheave  and  shaft. 
They  shall  be  designed  for  a  shearing  force  equal  to  twenty  (20)  per  cent 
of  the  total  load  on  the  sheave.  The  bearing  surface  of  each  journal 
shall  be  of  a  length  not  less  than  the  diameter  thereof  plus  two  inches. 
It  shall  be  highly  polished.  YHiere  the  cross-section  of  the  shaft  changes, 
fillets  shall  be  used. 

Beyond  the  bearings  the  ends  of  the  shaft  shall  be  shouldered  and 
likewise  filleted.  YHien  the  journal  diameter  exceeds  eight  (8)  inches, 
a  hole,  having  a  diameter  equal  to  one-fourth  (34)  that  of  the  jomnals, 
shall  be  bored  through  the  shj^ft  for  its  entire  length.  Oil  grooves  one- 
quarter  04)  inch  wide  and  one-half  (J^  inch  deep  shall  be  cut  in  the 
journals  parallel  to  the  axis  of  the  shaft.  They  shall  be  machine-cut 
with  the  upper  edges  rounded  off.  Pro\asion  must  be  made  for  cleaning 
the  grooves.  A  large  well  shall  be  bored  in  each  end  of  the  shaft  and 
connected  with  the  oil  grooves.  In  case  the  centre  of  the  shaft  is  bored 
out,  the  inner  ends  of  the  wells  shall  be  screw  plugged.  The  outer  ends 
shall  also  be  screw  plugged  and  tapped  for  marine-type,  screw-feed  grease- 
cups  of  not  less  than  one  pint  capacity. 
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109.  Guides  for  Vertmi 

The  lift  span  shall  be  held  m  a^gmllel|i 
the  four  comers  at  the  top  and  the  fou^  $Jk  ihi| 
gagmg  tracks  riveted  to  the  front  tower  cottmnti^^ 
of  either  the  roller  or  the  sliding  type.    They 
to  the  span  so  as  adequately  to  provide  f or  flt^ 
on  them.    They  shall  be  designed  for  a  ffteieaa  i 
except  as  hereinafter  provided.    All  guides  AaXf 
of  movement  longitudinally,  excepting  the  ' 
end  of  the  span,  which  shall  be  arranged  so  as  to 
be  ample  clearances  between  the  guides  and  die 
be  made  for  the  field  adjustment  of  the  rdatiy#| 
tracks.    Where  the  guide  castings  also  adjturt 
mther  longitudinally  or  both  longitudinally  waS 
place  of  centring  castings,  they  shall  be 
wind  pressure,  also  for  the  thrust  from  brakeit 
road  bridges.  ^ 
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^ll^'JWMtde  (^laiis  {MTovisioii  shall  be  made  for  making 
Loose  rails  shall  not  be  vbed.    In  lift  bridges  man^ 
l^oMMgB  «i»y  be  bdted  to  the  rails  on  the  lift  st>aii  tm4 
on  to  bearingSi  engaging  the  rails  and  the  siqi- 
'%el1bG0d  spans.    A  portion  of  the  head  and  bade  of  |li^ 
;^  Itt  tiie  outside  so  that  the  casting  can  be^  fitted  tb ' 
«t  Ito  (Hiter  edge  shaU  be  cme-^^ 
miek  Hm  opening,  the  top  surface  Imving  -s^tMif' 
(20)  toward  the  mside.    The  ends  of  «h^'IMia|i^^ 
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113.  Badk  PinUms  fi/r  Si$ifi0i 

Swing  spans  shall  be  turned  bjr  pinioiia       '^ 
essaiy  gearing  being  introduced  between  th^. 
to  open  and  close  the  span  in  the  required 
employed,  they  shall  be  placed  diametricaiD; 
sures  shall  be  equalized  by  differential  gearing  ia^:l 
Where  four  pinions  are  used,  they  shall  be 
in  pairs,  and  the  two  pinions  of  each  pair  shattb^ 
as  practicable  and  equalized  by  gearing.    Baf^. 
operated  by  a  separate  motor.    The  two  motoia 
the  same  controller,  thus  equalizing  the  action  of 

1 14.  End  Lift  Machinery  for  SwSmi 

The  end  lifting  and  locking  machinery 
duction  at  the  ends  of  the  span  so  that  the  liai;, 
high  speed  and  light  torque.    The  centre  wedfBiL 
shall  be  operated  at  the  same  time  the  end  lifts 
mechanism  shall  be  so  adjusted  that  the  cemlil; 
firm  bearing  at  the  same  time  that  the  ends  of 
the  required  amount. 
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115.  Operaiing  Ropes  for  lAft  Span 

The  lift  span  shall  be  raised  and  lowered  by  means  of  operating  ropes 
at  each  side  of  the  span  attached  to  drums  at  the  centre  and  passing  over 
deflecting  sheaves  at  each  end  of  the  span  to  the  top  and  bottom  of  the 
towers.  Either  one  or  two  ropes  for  raising  and  the  same  for  lowering 
shall  be  used  at  each  comer,  the  number  depending  on  the  force  required 
to  move  the  span.  These  ropes  shall  be  fastened  to  the  drums  with  forged- 
steel  clips.  A  take-up  device  attached  to  the  towers  shall  be  provided  at 
the  ends  of  the  operating  ropes  to  take  up  any  slack  therein.  This  mechan- 
ism shall  consist  of  a  tumbuckle,  bolt  and  nut,  or  drum.  If  a  drum  is  used, 
it  shall  be  operated  by  a  worm  gear  with  the  worm  fitted  for  a  hand- 
turning  lever.  The  operating  ropes  shall  never  be  less  than  three-quar- 
ters (^)  of  an  inch  in  diameter.  They  shall  be  of  six  (6)  strands  of  nine- 
teen (19)  wires  each,  and  shall  conform  in  general  to  the  requirements 
given  for  coimterweight  ropes. 

116.  Operaiing  Drums  for  lAft  Spans 

There  shall  be  either  two  or  foiu*  operating  drums  located  at  the  sides 
of  the  span  at  the  centre  thereof.  For  small  spans  two  drums  shall  be 
used,  one  at  each  side;  and  they  shall  be  grooved  so  as  to  take  the  ropes 
from  both  ends  of  the  span.  For  larger  spans  four  drums  shall  be  em- 
ployed, two  at  each  side.  In  girder  spans  where  foiu*  dnuns  are  used, 
one  drum  shall  be  placed  at  each  comer  of  the  span.  Each  dnun  shall 
be  grooved  to  take  the  ropes  from  the  corresponding  end.  The  diameter 
of  the  drum  from  centre  to  centre  of  ropes  shall  be  not  less  than  forty 
(40)  times  the  diameter  of  the  operating  rope,  except  where  a  rope  less 
than  three-quarters  (^)  of  an  inch  in  diameter  will  figure  for  direct  load 
and  bending  or  where  the  ratio  of  the  ultimate  strength  to  direct  bend- 
ing is  greater  than  six  (6),  in  which  case  the  drum  diameter  may  be  thirty 
(30)  times  the  diameter  of  the  rope.  The  distance  from  centre  to  centre 
of  ropes  shall  equal  the  diameter  of  the  rope  plus  one-sixteenth  (Vie) 
inch.  Care  shall  be  taken  to  see  that  the  holes  in  the  drums  through 
which  the  ropes  pass  are  large  enough  to  pass  both  the  rope  and  the  mous- 
ing. The  grooves  in  the  drum  shall  be  finished  to  fit  the  ropes,  and  the 
metal  between  the  ropes  shall  be  roimded  off  as  in  the  tower  sheaves. 
The  niunber  of  grooves  shall  be  such  that  •when  either  the  up-haul  or 
down-haul  ropes  are  payed  off  to  the  extent  of  the  travel  of  the  lift  span, 
these  ropes  will  still  have  one  and  one-half  (IH)  turns  wrapped  on  the 
drum.  All  parts  of  the  drum  shall  be  of  ample  strength  to  withstand 
the  pull  in  the  operating  ropes.  The  hub  shall  extend  about  one-half 
(J^  inch  beyond  the  outside  of  the  drum  at  each  end. 
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drum  and  the  defleeting  fheavoi  or  to  k^op  tlMI 
gumf>wood  rollers  shall  be  used.    Thegp  dMft  l| 
lees  than  six  (6)  inchee-Hlurii  the  roUeni  iittL 
ham  dragging  on  and  outtibg  pooves  in 
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at  as  many  points  as  necessary  to  euppoft 
curved  top  chords  ihey  shall  be  located  at  eNi 
mediate  points,  if  needed 

119.  Operating  Mathinmy  in 

The  machinery  between  the  motors  aikl  tii0 
pinion  shall  be  as  compact  as  possible,  and  shpHi 
as  good  designing  will  permit.    The  layout  ehallij 
good,  economical  design  with  as  few  parte  as 

• 

120.  Operating  Machinery  far 

In  a  swing  span  the  main  machinery  shaB  Jli 
the  span,  either  below  the  floor,  in  case  ther^  if 
an  arrangement,  or  up  between  the  trusses,  ot 
if  the  headway  be  restricted. 
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121.  Operating  Machinery  for  Lift  Spans 

In  a  lift  span  the  machinery  shall  likewise  be  placed  at  the  centre  of 
the  span  either  on  top  of  the  trusses  or  between  them.  Where  four  drums 
are  used,  one  reduction  shall  be  installed  at  the  drums.  A  single  shaft 
shall  extend  out  from  the  main  machinery  in  the  house  with  a  pinion 
at  the  end  engaging  duplicate  gears  fastened  to  the  drums. 

122.  Gears 

All  gears  shall  have  twenty  (20)  degrees,  involute,  machine-cut  teeth. 
They  shall  be  designed  by  the  rules  given  under  "Unit  Stresses,"  page 
1710.  The  sides  shall  be  faced  and  the  pitch  lines  scribed  on  both  sides. 
The  face  width  of  a  gear  shall  be  from  two  (2)  to  three  (3)  times  the 
circular  pitch.  The  thickness  of  the  rim  shall  not  be  less  than  four-tenths 
(*/io)  of  the  circular  pitch  plus  one-quarter  (3^)  inch.  All  gears  employed 
between  the  motive  power  and  the  operating  drums  or  rack  shall  have 
at  least  sbc  (6)  spokes  or  else  solid  webs;  those  employed  to  drive  limit 
switches,  mechanical  indicators,  etc.,  may  have  four  (4)  spokes.  The 
spokes  may  be  elliptical,  tee,  or  cross  in  section.  They  shall  be  figured  as 
cantilever  beams  free  at  the  pitch  line  and  fixed  at  the  hubs,  each  spoke 
taking  its  direct  proportion  of  the  load  on  the  tooth.  The  hub  diamieter 
shall  be  one  and  eight-tenths  (1.8)  times  the  diameter  of  the  shaft,  but 
not  to  exceed  the  said  diameter  plus  ten  (10)  inches.  The  hubs  shall  be 
faced  and  shall  have  a  length  greater  than  the  face  of  the  gear. 

Bevel  gears  shall  be  avoided  as  far  as  possible. 

123.  Worm  Gears 

Worm  gears  may  be  used  for  minor  operations.  The  worm  shall  be 
below  the  gear  and  shall  run  in  oil.  It  shall  be  made  of  forged  or  rolled 
steel,  and  the  gear  shall  be  of  bronze.  The  end  of  the  worm  shall  bear 
on  a  bronze  collar,  and  the  shaft  of  the  gear  shall  rotate  in  bronze  bushings. 
The  gear  shall  have  not  less  than  twenty-tnglit  (28)  teeth.  The  threads 
on  worms  shall  be  cut,  and  the  gear  teeth  must  fit  the  worm  accurately. 
A  standard  worm  set  shall  preferably  be  used. 

124.  Pinions 

Pinions,  as  a  rule,  shall  have  not  less  than  seventeen  (17)  teeth.  Under 
certain  conditions,  as  in  the  pinion  engaging  the  rack  in  draw  spans,  the 
use  of  fifteen  (15)  teeth  may  be  allowed,  in  which  case  stub  teeth  will 
probably  have  to  be  adopted  to  give  swinging  clearance.  The  face  width 
of  pinion  shall  be  from  two  and  one-half  (23^2)  to  four  (4)  times  the  cir- 
cular pitch  and  always  greater  than  that  of  the  gear  it  engages.    The 
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qf  shaft  in  ineheB.    All  shaft  journab  diaD  be 
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E^ys  shall  be  designed  so  as  to  develop  tt(i^ 
The  width  of  the  key  shall  generally  be  tim^ 
diameter  of  the  shaft,  and  the  depth  diall  be 
or  slightly  less.  In  all  cases,  however,  .tbi  fagrai 
shearing  and  bearing  within  the  unit  sti'ossce 
the  k^ys  shall  not  be  less  than  the  length  of  ttte 
not  be  used  except  in  special  cases;  and  all 
k^ywa3rs  so  as  to  have  perfect  bearing  on  all 
used  wherever  there  is  a  possibility  of  sUcfisg  tiil 
be  made  safe  by  having  the  heads  protected  ISl 
hubs.  Where  it  becomes  necessary  to  remove 
be  extended  so  that  it  will  be  posmble  to  drifts 
Where  more  than  one  key  is  employed  th^  AaH 
and  twenty  (120)  degrees  apart.  Keys  shall  be 
fipoKes*  •  r ; ; 


127.  Bearings 

Bearings  shall  be  provided  for  the  diaftinf  , 
ing  as  possible.  As  far  as  it  is  practicable  to^^ 
be  arranged  in  a  compact  unit;  and  a  tanf^ 
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pecel  ^^^  Bettlogpi  iball  be  provided  At  all  polpto  wJb^ 
iittoenary  to  sqpport  the  cbaft  in  aooeidaiiee  with' the  ruieB  giv^  loir  w» 
inqiported  kogth.  M  beariii09  shall  be  qdit  beaiiacB  with  fi]]]8h^^oit#i 
padAiam  d^  be  provided  between  the  cap  and  the  l3pBe  for  a4iittrti|MiQ|» 
^Xhe  capa  fur  laige  beann09  shall  be  bolted  to  tiie  bases  with  four  tsiiAied 
peHiBt  and  f or  sDiafl  bearinfs  with  two  siidi  bolts.    Finished  bpasei  i||i9 

for  the  bearing  of  aU  nuts  and  heads  of  hoi^  The  bott  hiM 
be  drilled.  In  larg^  bearings  the  caps  diaD  be  pftyvided  i^th  e^^^ 
forhamBingt  Bearings  AaU  be  bolted  to  the  st»ehiroa^ 
having  1^  driving  fit.  Hie  bearings  shall  be  assemUed  on  the  tfted^ 
at  the  shop  and  the  holes  drilled  while  th^  are  thus  npmnbtei^ 
#here  it  is  poasiUe  to  do  so.  When  this  cannot  be  done,  thegr  duall  tM 
iirDled  to  an  iron  templet  hn  both  the  casting  and  the  steetwcn^k. 
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12&.  Bushings 

in  bearings,  uxdess  fspeaBSfy  noted  othensise,  shall  have  Inmifle  budn 
%ii  lyeb^  of  vribidi  shall  be  one-twelfth  (%t)  of  the  dianowter 
the  iMinali*  /They  shall  be  split  at  the  juneture  of  the  cap  and  ^ 
%bA  diall  be  hdd  against  turning  hy  the  shtaoi  bebMnMii 
vMc^ni  liorin]^  diall  be  grooved  for  lubrieaticMii,  aiid  Ihe  grooves 
Sianf^syah  dcaath  as  to  nermit  deainnft.    If  tMwmble.' a&.  bushisai' 
1(1 4M^^  as  to  permit  renewals;    Bushings  shall  be  scraped  ill 
BtEsetive  hilnrication  of  joiniiAls  shall  be  pmvlM. 
ipmse-ciqis  ahall  general)^  be  used. 
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129«  Ccuplings 

shall  be  of  the  daw  or  flange  type.    In  general  daw 
be  used,  eepedally  where  the  shaft  runs  from  the  Centre 
or  where  deflections  of  the  structural  work  would 
9nd  bind  the  shafting.    The  two  claws  forming 
be  JEonehed  for  a  dose  but  not  a  tight  fit.    In  flange 
.pafts  shall  be  connected  by  turned  bolts  with  a  driving 
be  dirouded  so  that  the  projecting  heads  of  bolts  may 
:daiver.    The  hubs  of  couplings  shall  be  one  and  aght- 
4i|e<Sameter  of  the  shaft,  but  shall  not  exceed  the  said 
kidbes.    Hie  length  of  the  hub  shall  be  governed 
keyy  but  must  never  be  less  than  the  diameter  of  the 
diall  be  designed  for  the  strength  of  the  diafijog 
jpnoiali  thqr  shall  conform  to  the  dimensiMi^ 
of  the  diaft.  etven  in  Rob.  78baod  78a»    -  ^^ 
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Fig.  78c.    Flange 

131.  Friction  Chuiehm 

Friction  clutches  of  an  approved  standaitl 
where  internal  combustion  motors  form  the  lil< 
be  of  substantial  construction  and  shall  be 
maximum  torque  of  the  motor.     (See  also 

132.  Screm 
Screws  which  transmit  motion  shall  have 

133.  Levers 

Levers  used  in  performing  the  various 
as  to  be  convenient  for  the  operator.    They 
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436.  Dtitf  Ciwor^ 

/«oeptmg  only  parts  olF  minor  importance^  abajU  m 

jbot^  to  ^e  steetworl^    Sh^na  shaU  be  provided  ii^^^ 

and  adjusting  tbe  madiineiy,  and  tbcy  shall  yaqr 

Iha  of  an  inch  as  required. 

^  appropriate  sixes,  shall  be  provided  in  all  madunery 

1MMv90^^iQf  water  to  ecdlect  and  stand. 

f^.iu  ^  :-  ■  ■     ■ 

r^dj^  t;     18&  Band'Operating  Leven 

lexers  diall  be  located  for  easy  access  and  operation. 

tS  sidng  spans  shall  be  capable  of  being  turned 

#d[  as  from  the  c^itre  of  the  span.    As  many  kvers 

for  the  vertical  shaft  ds  are  required  to  perform  the 

-  l%ey  shall  be  about  four  and  a  half  (4.5)  feet  above 

cHhir  &aB  be  either  of  timber  or  of  wrougjbtHfon  ji^^ 

ihSiiiimMei  In  cases  whei«  ft  ]S%Je^ 
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«|W|»  bir  lirt  iron  pbUsed  biDMHi  ^ 

-'lil  1^  qpau  the  oounterwoi^  (^ 
#|ii6i^  bkxdcB  at  eadi  end  of  liia  ^MU 
iiflii^^  fonns  on  to  a  steel  franiewoii^ 
IMidbd  from  the  equaBaen  bj  cye-faaiti. 
fliglied  tibat  idieii  suq>eDded  from  thi  bysiMi 
a  l^ibdE  <rf  ocmcr^  neoeeiaiy  to  fonn  a 
|tartl  it  win  support  the  remaining  coD«sreie 
find  Tertical  sectionBi  or  what  is  known  as  tibif 
Hjpiaee  of  not  less  than  two  (2)  indies  shall 
ilie  upper  ends  of  the  sections  shall  be 
to  the  bottom  equaliser  pins;  and  guides  disQ 
ends  so  as  to  hold  the  sections  together  in  a 

Hie  counterweights  shaU  be  made  five  (IQ 
figiued  wdc^t  to  be  balanced;  and  halamshu 
(10)  per  cent  of  the  figured  wd^^t  shad  be 
These  blocks  shall  be  made  so  as  to  be  easily 
about  one  (1)  foot  on  each  edge.    Iliey  sbufl  te 
of  ample  size  for  inserting  a  hook  for  haodtt||(4 ; 
ally  be  made  of  three-quarters  (^  inch  nxfa,  ii 
two  (2)  inches  inside  diameter.    The  bloda 
the  top  of  the  counterweight  and  no  blocks  shall 
of  the  said  wells.  '  ^ 

The  counterweight  shall  be  guided  at  the 
guides  fastened  to  the  steel  frame  or  the  concrete 
attached  to  the  inside  of  the  lon^tudinal  toweir 
ance  shall  be  provided  in  the  guides  so  that 
terweight  changes  its  position  in  moving  up  and 

The  counterweight  shall  clear  the  floor  by  not 
when  the  span  has  reached  its  normal  lift.  In 
the  figured  length  of  the  ropes  shall  be  increased, 
stretoh  in  the  ropes  due  to  wear,  etc.  A  cl 
(2)  inches  shall  be  provided  between  the  coun 
of  the  tower. 

Where  it  is  advisable  to  provide  for  a 
river  channel,  necessitating  a  change  in  the 
tional  counterweights  formed  of  pre-cast  blodcir^ 
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torn  block  shall  be  designed  to  carry  the  upper  blocks,  which  shall  be  of 
such  a  size  that  they  can  be  readily  handled  with  the  equipment  that  is 
likely  to  be  available,  the  heaviest  ones  weighing  in  most  cases  not  over 
two  tons  each.  Their  length  shall  generally  be  greater  than  their  height, 
and  their  width  about  the  same  as  that  of  the  bottom  block;  and  they 
shall  have  their  inner  contact  surfaces  beveled  so  as  to  produce  a  wedging 
effect  when  placed  in  position,  thus  assuring  a  tight  fit.  The  blocks  shall 
be  provided  with  ample  U-bolts  for  handling.  Provision  for  adjusting 
the  weight  shall  be  made  in  the  same  manner  as  for  solid  counterweights. 
This  same  type  of  counterweight  shall  be  adopted  where  it  is  desirable  to 
cast  the  blocks  on  the  ground  and  hoist  them  into  place,  even  though  the 
span  be  not  designed  for  shifting  in  the  future. 

The  counterweight  shall  be  made  of  either  stone  or  slag  concrete. 
As  a*  rule,  stone  concrete  shall  be  used.  It  shall  be  assumed  to  weigh 
one  hundred  and  forty-seven  (147)  pounds  per  cubic  foot,  exclusive  of  the 
steel.  Slag  concrete  shall  be  assumed  to  weigh  one  hundred  and  seventy 
(170)  pounds  per  cubic  foot.  In  every  case  the  approximate  weight  of 
the  concrete  to  be  used  shall  be  ascertained  before  designing  the  counter- 
weight. 

In  bascule  spans  the  counterweight  shall  be  of  either  concrete  or 
cast  iron,  depending  on  the  type  of  bascule  under  consideration.  The 
concrete  counterweights  may  be  attached  rigidly  to  the  steelwork,  or 
pivoted,  depending,  as  before,  on  the  type  adopted. 

140.  Machinery  House 

In  swmg  bridges  and  vertical  Uft  bridges  the  machinery  house  shall 
usually  be  placed  at  the  centre  of  the  span,  and  in  bascule  bridges  where 
most  convenient,  depending  on  the  type  of  bascule  adopted.  The  house 
shall  generally  be  of  fireproof  construction,  although  in  certain  cases, 
where  the  danger  from  fire  is  very  remote  or  where  the  money  available 
for  the  structure  is  small,  timber  construction  may  be  employed.  The 
fireproof  construction  shall  consist  of  a  steel  framework  and  floor  system 
with  the  walls  and  floor  of  concrete,  steel  plates,  or  other  non-combustible 
materials.     In  the  timber  construction  steel  floor-beams  shall  be  used. 

The  house  shall  be  of  such  size  that  there  will  be  ample  room  for  the 
machinery,  work-bench,  stove,  and  chair,  and  to  provide  easy  access  to 
all  parts  of  the  said  machinery.  Wherever  shafts  are  located  above  the 
the  floor,  stiles  shall  be  provided  for  crossing  over  them.  The  house 
shall  contain  ample  window  space  so  as  to  provide  as  much  light  as  pos- 
sible as  well  as  to  permit  the  operator  to  watch  the  traffic  on  both  the 
bridge  and  the  river.  The  windows  shall  be  of  a  single  pane  in  each  sash. 
The  house  shall  be  made  weatherproof;  and  where  gears  or  other  machinery 
project  below  the  floor,  the  openings  thus  made  shall  be  boxed  in.  In 
cold  climates,  especially  when  the  operator  has  to  remain  within  it  con- 
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III  case  the  cpetaiAx  is  not  looatod  m  tiMlt; 
Ift^iar  iMise  diall  be  eojpdaeed  thai  lie 
10  ifirootipiJA  of  the  tniffle  on  both  th^ 
fittdl  be  <tf  ibe  same  coiiatmclioir  M'^t^ 
houae;  and  it  shall  be  of  ample  «lie  id 
the  controllers,  levers,  switchboard,  i 
equipment  needed  by  him.    The  hMa9 
windowspace. 

143.  Gak8 
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Gates  of  substantial  design  shall  be 
of  all  movable  bridges  for  highway  tralfte. 
and  built  of  structural  shapes.    Tho^e  shall  h^ 
end,  swinging  on  pivots  near  the  trusses.    TA^ 
two  of  the  gates  can  be  closed  to  the 
closed  after  the  movable  span  has  been 
gates  shall  be  controlled  either  by  the  opessttlMiP^i 
provided  for  the  purpose.    The  gates  shall 
of  lock  or  stop  to  hold  them  in  both  the 
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144.  Gate  Tender^s  ffi 
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Gate  tenders'  houses  shall  be  fumidied 
for  the  convenience  of  the  gate  tender.    IbeK. 
tion  so  as  to  conform  to  the  general 
shall  be  of  timber  or,  preferably,  cononla 
provided  with  stove  and  diair. 
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146.  Boat  Indicator 

On  one  leg  of  the  tower,  on  both  the  upetream  and  the  downstream 
sidesy  and  extending  down  on  the  pier  to  low  water  level,  a  gauge  shall 
be  p>ainted  in  large  figures  for  the  convenience  of  the  river  traflSc.  An 
indicator  at  the  lowest  point  of  steel  of  the  lift  span  shall  show  to  the 
occupants  of  passing  vessels  the  height  on  the  gauge  to  which  the  span 
has  been  lifted.  By  noting  the  gauge  reading  at  the  water  level  one  can 
ascertain  readily  the  height  of  the  span  above  the  water. 

CLAUSE  INDEX  OF    CHAPTER  LXXVni 
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CHAPTER  LXXIX 

GENERAL  SPECIFICATIONS  GOVERNING  THE  MANUFACTURE  AND  ERECTION 
OP  THE  SUPERSTRUCTURE,  SUBSTRUCTURE,  APPROACHES,  AND  ALL 
ACCESSORY  WORKS  OF  BRIDGES,  TRESTLES,  VIADUCTS,  AND  ELEVATED 
RAILROADS 

Some  five  years  or  more  ago,  in  order  to  be  prepared  for  any  case  of 
contract  letting  that  might  arise,  the  author  midertook  to  draft  for  his 
firm  seven  sets  of  specification  forms  for  the  use  of  the  ofiSce  so  as  to  enable 
the  principal  assistant  engineers  to  aid  in  writing  specifications  for  the 
current  work;  because  up  to  that  time  all  such  documents  had  been  pre- 
pared personally  by  one  or  other  of  the  two  members  of  the  firm,  and  the 
task  had  become  almost  unbearably  onerous  in  view  of  the  fact  that  the 
bridgework  under  way  in  both  office  and  field  amounted  in  value  at 
times  to  twelve  and  even  fifteen  millions  of  dollars.  The  seven  sets  of 
specifications  mentioned  were  the  following: 

1.  Manufacture  of  Superstructure  Metal. 

2.  Manufacture  and  Erection  of  Superstructure. 

3.  Substructure. 

4.  Substructure  and  Erection  of  Superstructure. 

5.  Substructure,  Manufacture  of  Metalwork,  and  Erection  of  Super- 
structure. 

6.  Erection  of  Superstructure. 

7.  Reinforced  Concrete  Structures. 

After  all  these  were  finished,  their  mass  (involving  many  hundreds  of 
typewritten  pages)  was  so  appalling  that  it  was  decided  to  combine  them 
into  one  docimient.  In  making  the  combination  it  was  the  intention  to 
cover  every  feature  of  bridge  building  that  had  ever  occurred  or  would 
be  likely  to  occur  in  the  firm's  practice,  including  substructure,  super- 
structure, approaches,  and  accessory  works.  This  was  done  by  the 
author  personally;  and  from  time  to  time  he  has  since  added  a  few 
clauses  bearing  upon  questions  that  have  arisen  in  the  firm's  operations. 
The  final  compilation  is  herewith  presented  in  the  hope  that  the  reader 
may  be  able  to  use  it  in  exactly  the  same  manner  as  did  the  few  of  the 
firm's  assistant  engineers  who  were  entrusted  with  the  duty  of  specifica- 
tion writing. 

It  will  be  noticed  that  some  of  the  clauses  are  complete  and  perma- 
nent. These  are  marked  "P."  Some  are  variable  and  are  marked  "V," 
and  others  are  incomplete  and  are  marked  ''I."    In  the  case  of  each 
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the  general  ''Index"  at  the  end  of  the  seoond 
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and  making  but  few  modifications.  P  i 
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8ar  struotiuee  are  offered  aa  eamito  or  guidee  to  hiddem  ||i 
lltf  ^Mwiiiwrito  of  adbedu^ 
Kf  iHf^llniii  A^^  wqr  f Off  diinonri<lnn  should  be  ghren  i&  the  epwifteattatti 
aittMeessmr  ave  the  mliBir  ones,  aueh  aa  soaii  ieoffttis  and  siv» 
iBstaiioes  betveesL  central  idanes  of  truasea^or  etearvidthaef 
iidgwalhs.    No  wioot  dimiffinionn,  mnA  as  siaca  <rf  gtringBiBy 
ifp  (JfaMMfoiM      handrails,  or  siaes  of  giiards,  should  be  gprun; 
4l#  ohtelswd  frem  the  drawings.    All  desarqytians,  au A|  fet 
Mibeiaof  opamting  machinery,  ahould  be  very  brirf;  but  tiiQr 
JlMNpIl  eMi;^^  to  give  the  reactor  a  clear  idea  of  what  the  part 
^9^    This  dauae  Should  indicate  m  a  general  way  liie  chai^ 
w  the  construction. 
lWSf0:M^'  the  description  should  be  gone  into  in  very  thoiou|^ 
Iha  nnmber  and  siaes  of  all  important  parts,  but  takmg  care 
tiiatL  tiie  dimenBioiis  are  either  merely  approximate  or  subjeot 
jb  ilk  order  that  later,  if  modifications  be  desued,  no  reascMttUe 
their  being  made  can  be  raised  by  the  contractor.    Eacb 
lhe4sBign  should  be  described  separately,  givmg  its  length, 
tif  the  construction  (whether  riveted  or  pin-comieoted),  the 
<i  panels,  the  truss  depth,  the  perpendicular  distance 
thanes  of  trusses,  the  number,  kind,  and  siaes  of  stringefis 
^Upwsthod  otprovidUng  f(»r  expansion  and  contraction^  tiie 
itk  towers,  the  method  of  attachii^  kiiiiptudina}  JPSltaMl 
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i    alKl  Hi  iiiiiiiiiifiBiflli' 

liiqr  im  to  be  fmpkibei  a*  tbe  mmmmtiiitfB^ 
l^oMore  metel,  M  cmfar  to  fofestett  A^ 
lAMliidr IcNT  sliii^  sehediik)  pricei  on  tli«|^ 
ifeltm  for  metal  hand-nib.    In  ease  tb^  ava 
Jmr^l  ivhen  the  moving  apan  ia  to  be  opmu^ 
be  lolly  deaeribed  la  thia  olauaeao  IM 1^^ 
anywhere  elee  mthe  flpedficatioD&      '  ^  ^  4i 
'   iRie  machinery  ahould  receive  partic^ar 
8|to|y  to  be  diff ei«it  in  maiqr  waya  from  the 
itahoiild  bo  deacribed  i^ystematicaUy  in  ai  Ita 
the  hor8q[>ower  ahould  be  atated  witlim  UiiAy 
motors,  etc.,  being  talcai  per  horsepower.    If 
be  provided  in  addition  to  mechanical  poweiTi 

In  caae  of  a  lift  span  or  other  movaUe  qpili 
a  complete  description  of  its  construction  aiid  wiSib-^ 
be  pven.  »^ 

The  machinery  house  or  houses  diould  be 
buMars  can  tender  intelligently  thereon  either  bf' 
rates,  according  to  whichever  method  of  reodvteg: 
work  has  been  decided  upon  by  the  Engineers. 

In  case  that  the  structure  is  arranged  for  teMflP 
addition  of  roadways  or  ffldewalks  outside  ct  Hie 
pcmited  out  and  the  method  of  future  attaehmwlr 
mark  applies  equally  to  both  types  of  spedficatieiljl^ 

The  flooring  or  pavement  of  both  the  main 
the  guard  angles,  the  system  of  lighting  the  strui 
pavement,  the  provision  for  expansion  and  con 
column  feet  of  viaducts  by  cast-iron  fenders  filled 
ing,  the  railway  rails  with  their  splice-bars,  bolMi^' 
spikes,  the  trolley  poles  and  wiring,  and  the  tiaili#| 
untreated,  should  be  fully  described. 

If  the  contract  is  to  cover  the  approaches  to  the' 
be  accurately  described  in  complete  detail,  <»nittJnj|^ 
portance.    Ordinarily,  if  the  approaches  be  of 
to  the  superstructure  contract,  but  if  of  concrete 
they  will  pertain  to  the  substructure  contract. 

For  the  substructure  of  bridges  this  clause 
tion  in  the  following  order: 

First.    Layout  of  spans  and  piers,  referring 
drawings. 

Second.    Character  of  the  materials  to  be 
dations  to  be  reached. 
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or  fifling,  if  the  aamebe  iiudM^in^4^ 
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441  id^iaiaeteri0Mfi8  wd  special  features  of  the  eransif  iiot 
tceated  in  oUier  dauBes. 

poiierete  bridges  the  direeticnis  are  the  same  as  for  vo^^ 
aU^ui^turei  eoiaoei^  that  the  fourth  item  there^ 

FaurOi. .  Characteristics  of  spam,  arches,  jAem,  abutmeatsi  hand-ipfillih 
pavementSi  guards,  sidewalks,  cross^walls,  omamentaticu,  drainage,  j/m* 
visioin  for  expansion  and  contraction,  railway  rails  (with  tiieir  spMoe-bam^ 
bolts,  tie-bolts,  ties  and  iqnkes),  lighting,  and  trolley. 
.,:  la  i^viilg  the  data  fw  substructure,  if  any  therectf  have  to  be  verified 
t|ir,  bidders,  s^ttefOktian  should  be  caDed  as  to  which  items  of  infonnatiqik 
l^imd  iirhich  are  not  to  be  verified.  For  instance,  it  would  not  be  ligpit^ 
^iurif:  biddem  to  check  the  results  of  the  Ixmngs;  but  it  would  be  pes* 
1^8^  prcgp«r  to  {dace  on  them  the  oniis  of  verification  of  the  locations  of 
iq^  lurid  gravel  beds,  the  qualities  of  the  materials  to  be  found  tho:^^ 
||p  Imgtili  oi  ^Bxd  and  the  condition  of  the  roads,  the  availability  of  suitable 
stone  for  ripHtiip,  and  similar  infon 

i,^.lipu8t, be  borne  in  mind  that  the  more  complete  the  data  submitted 
^\tadii|^        nutfe  accurately  they  can  make  their  estimates,  and  the 
^9  09MMiiOfiii%i  will  probably  be  thcSr  tenders. 
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EXAMHiB  FOB  SUPBRSTBUGTDBB 


A^^jm^. 


^llf  luf^ll^  gv^  the  Black  River  is  to  consist  of  five  (5)  through-truss, 
^fif^^Kdf^g»g^  railway  spans,  each  one  hundred  and  sbdy-five  (186) 
llipqported  on  sx  (6)  piers.    One  of  these  spans  is  arranged  to 
two  towers,  supported  on  the  two  adjacent  spans,  to  a 
to  aUow  for  the  passage  of  river  traffic.    The  lifting  span 
fl!|j|pCB4ed  by  eight  (8)  wire  ropes  at  each  comer,  which  pass  up 
es  at  tiie  tops  of  the  towers  and  are  connected  to  two  (2) 
of  concrete  and  steel,  exactly  balancing  the  span.    Hie 
,  which  is  carried  on  top  of  the  lifting  q)an  at  the 
^  lour  qxirally-grooved  drums,  actuated  through  traiQS 
jppQlme  engine.    £^h  drum  controls  two  operating  ropes; 
1^  leads  over  a  sheave  at  the  comer  of  the  span,  thence 
IS  fastaied  near  the  bottom  of  the  tower;  the  one  £rooi 
;j,f^  drum  leads  under  the  same  sheave  at  the  comer  of  the 
I  and  is  fastened  at  the  top  of  the  tower.    All  four* 
comiected,  and  when  they  are  revolved  in  one  direo- 
to  the  tops  of  the  towers  are  wound  on,  and  those 
^xyttoms  of  the  towers  are  payed  dH^  tiius  raising  the 
luroe  exerted  on  the  comar  sheaves.    Beversal  of  db 
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illttteMk  iiiQi  eanir  two  0teiidiid 
iPiltne^  ettr  tiMlbi  in  a  ptmA  MiMwaar  tuif 
||riL  '  ?IIm  ittihf^  tnudoi  apitfOMdi  llie 

0m  Wmpdat  about  two-thirds  of  its  lM0h 
qpan,  whwd  tbcy  turn  out  in  both  cEM^oot  oil 
'    !Fbo  street  lailway  and  lii|[^wagr  apptOttdi 
at  the  eastoHly  side  of  Third  Strert  and  fa 
then  on  a  steel  trestle  paraUri  and  imnwirilattlir 
thence  across  the  rivar  on  the  upper  deck  of  the  th|S^ 
and  thence  on  steel  trestle  to  its  easterly  end  # 
and  Adams  streets. 

Tile  substructure  required  consists  of  the 
and  seventeen  pedestals  for  the  westerly  street 
proachy  an  abutment  and  a  pier  for  the  westiity 
westerly  shore  pier,  two  mid-river  piers,  and  aii 
port  the  main  channel  spans,  and  ten  pedestals  and 
easterly  street  railway  and  highway  ai^roaeh. 

The  bases  of  both  end  abutments  and  all 
next  the  westerly  shore,  are  near  or  above  the 
they  may  be  constructed  in  open  excavations, 
abutment,  and  the  two  piers  next  the  westeriy  shorft: 
piles,  and  excavations  for  them  will  be  made 
dredgmg.     The  two  main  channel  piers  will  be 
ing  process  to  a  bed  of  cemented  gravel  lying 
twenty  to  one  hundred  and  thirty  feet  below 
ment  at  the  easterly  shore  will  rest  on  a  bed  ot 
found  but  ten  to  twenty  feet  below  low-water 
constructed  of  concrete  with  granite  caps.    Tli^ 
concrete  with  granite  bridge  seats,  and  the 
walls  for  the  westerly  approach  will  be  of 
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jbidmr.    ISvee  of  t2ie  pkM  wiS  be  siq;!^^  wlih^  ai^  #!||^^ 

ost  the  diftwlDgB^  tvhere  pUes  are  used  Ii60|l|tii  flkie  pMi.    1!||«^  hp|ig|^^ 
tttie  i^fee  tiieie  iik^eeted  is  ihirlgr  feet,  but  the  actual  length  to  he  i!HM^^ 
ehnot  he  datofiiikied  eamtpl  %  triaL    The  Oontractor  will  be  w^MM*^^ 
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hi  ae  Iom  nUee  aa  eaii  be  dUraa  br  ivateMeta  and  inmani*"^  aeniP: 

^1^11^  all  pilai  are  to  be  driven  will  be  d 

be  ]ie(  mieet  {Mgrment  for  the  timber  beeee  of  i|ie  |^plb 

ntVhat^  to  use  sheet  laling  ineteadi  inxmde€/m 

;v^    .  XJnl^Bs  the  EngineRre  dec^e  tiii^||^, 

the  louiidaiaanBi  the  sheet  piling  may  be 

y||ii  i^^^  left  must  be  filled  with  sm<Ul 

i|mt^  hi  otdiec  to  avoid  inducing  scoiur. 

of  all  piers  and  abutments  are  shown  on 
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i'^iaii  of  eaidi  pier,  immediately  below  the  archeS|ls  a  oopfasgam^ 

^nigr'  a  ^eoeiced  hat  at  each  end,  and  above  this  is  a  nanow  onu^ 
^ippBgtfi  to  be  a  cantiniiatiQn  of  Ihe  pier.    Above  the 
^ijiiiii  jiu  SJKset  %  inches  wide,  rise  nanow  transverse  wdis  to 
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flmim^i  wUch  is  idtimately  to  cany  a  double*traok  dee» 
in  90  feet  wide  in  the  clear;  and  on  each  side  of  the  bridge 
A  J^et  wide  in  the  clear,  which,  with  a  portion  of  the 
out  beyond  the  arches  and  cross*walls  by  besma 
The  end  andies  of  the  bridge  qpring  from.  ooAp 
#f  ^  the  type  shown  on  the  drawings.    The  face  <tf  the 
«i(y  wiU  fie  in  the  same  plane  as  the  {fu»  of  the  retaining 
eoDttructed.    A  cheap  concrete  backing  will  be  used 
fn^  Qider  to  increase  theur  mass  so  as  to  resist  pnHpeitjr 
aidieBL 

ao^port  a  slab  of  reinforced  concrete,  upon  which  is  a 

^anry  the  concrete  base  for  the  block  pavement,  ait 

The  railroad  tausks  wiU  not  be  put  on  al 
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jli»  IMter  and  the  lower  jririi  k  ipiM^lii#^ 
Sli  iMd^fi^      to  be  qI  «oiiei«teQi«iM!i 
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Hie  grade  of  Qie  new  jMruetme  li  tb  M ;  r»  75^;^i 
Iteii  that  of  the  preeent  bridge;  and  iStub  CdAMSK 
fiOA  opmUaons  that  the  diani^  firam  tii#d|lli^ 
Interfere  ntaterialfy  with  traffic. 
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Y.  4.  Teffqwaiv  BNd|ii 
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'    SomeiameB  it  18  neoeeaaiy  that  the 
pr  trestle  to  take  care  of  the  traffic  bef cne 
bridge.    In  such  a  case  there  diould  he  heve 
tive,  general  specification  for  the  said  tcmpwuf]! 
the  detail  specifications  for  its  construction 
clause,  because  they  will  be  found  farther  on  in 
building  temporary  structures  it  is  often 
second-hand  materials,  and  to  what  extent  thiis 
made  clear  in  this  clause.    Agiun,  for  tempcmiy 
to  protect  the  wood  agiunst  decay  as  efpedfie4 
constructions.    Should  any  job  be  divided  among 
the  duties  of  each  in  connection  with  the 
clearly  defined. 
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As  shown  on  Drawing  19,  it  will  be  necessaty  to 
connecting  the  ends  of  the  present  draw  qaaa 
trestle  on  the  east  end  and  with  Eleventh  Street  and 
west  end,  in  order  to  maintain  traffic  during  the 
bridge.  *'Ai 

The  present  structure  consists  of  two  fixed 
over  the  waterway,  and  a  steel  trestle  or  viaduct  at 
connected.    The  contractor  for  the  substructure  dbiA 
piers  and  the  pier  between  the  draw  pier  and  the 
bridge;  and  he  shall  remove  the  two  fixed  epans  |ii|^ 
west  end  of  the  bridge.    The  swing  span  will  be 
to  connect  to  the  ends  of  the  temporary  wooden 
for  the  su))structure  shall  also  furnish  all  material 
maintain  during  the  continuance  of  his  operatiomt^ 
trestle,  and  thus  maintain  traffic  on  Eleventh 
timber  trestle  at  the  east  end  to  Cliff  Avenue  at 
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Ite  picir  fliqvQrtiDg  it  aad  tb9  dmw  pxifbiQikio; 
diall  Mftfatriii  4li»  teestki  fiqm  the  time  the  md)Btri|»ti^ 

tractor  hai  beoi  riAteved  of  tiiat  duty  \v  the  dly;  then  he  ahaU  wmm^ 
the  tenq^imisr  tieetki  the  materiab  in  ivhieh  diall  becxme  hkliWBWitift 

It  often  ocieuiii  that  the  Contractor  has  to  take  down  the  old  iqpisQi 
and  even  remo've  the  old  {ners.  In  such  a  case  a  complete  iiiedfidatieit 
for  Budi  removal  should  be  drawn,  and  m  it  should  be  dearly  stated 
what  is  to  b^  done  witili  the  old  materials  and  who  is  tado  the  variobi 
handlings  thereof.  Again,  it  should  be  made  clear  who  is  to  be  tiie  olv^ 
of  the  old  materials.  Sometimes  it  is  better  to  let  the  Purchaser  keq> 
either  the  T^ole  <n-  a  portion  of  them,  but  at  other  times  it  is  better  to  let 
all  of  such  materials  become  the  property  of  the  Contract<»r.  In  the  hvfctar 
esise  eare  ribould  be  taken  to  specify  where  he  can  and  where  he  cannot 
store  theoii  aad  how  long  &ey  may  be  left  at  any  place  where  stored  tem<» 
.^oito^y.  In  the  case  of  old  wroug^t-iron  bridges  the  metal  is  useful  and 
imhtable  for  blacksmith  work,  but  old  steel  is  good  for  nothing  but  scraii« 
(M  tfiasaiiry  can  often  be  employed  fen*  rip-rappmg  piers  on  pile 
{(MinidBiionii.  OM  timber  may  be  valuable  for  falsework,  or  other  ooo^ 
iitlifitkiii,  tilt  geaierally  it  is  fit  only  for  firewood.  Before  settling  whai^ 
»  to  be  done  with  the  old  materials  the  Engineers  should  consult  their 
^tind^paly  the  Purdiaser,  and  obtmn  his  decision  on  the  matter.  If  the 
w  ditiwah^  is  to  be  re-erected,  this  clause  should  specify  how it  is 

to  be  match-marked,  paint-marked,  piled,  and  loaded  so  that  the  metal 
may  ^  prot)er|y  kept  track  of  for  future  use. 

In  tei^iBCt  to  the  removal  of  old  piers  and  abutments,  the  elevatioii 
<#  deMrfitMis  to  ipdiich  they  are  to  be  taken  down  should  be  stated;  and 
^Mi'^ii^^^  made  clear  whether  the  pdles  are  to  be  drawn  or  to  be 

off  «t  a  certain  elevation. 

EXAMFUB 

butments  shall  be  removed  to  one  foot  below  ground 

ch  parts  of  the  material  as  the  engineers  may  designate  diall 

at  the  foot  of  the  embankments.    AU  other  materials 

except  the  metalwork  and  bolts,  are  to  be  the  property  of 

old  steel  span  is  to  be  match-marked  and  caiefully 

and  all  parts  thereof,  together  with  all  bolts  in  the  timber 

stoied  in  an  orderly  manner  at  a  point  on  Trooet  Avenue 

(tf  the  bridge,  in  accordance  with  the  directions  of  the 

y.  6.  Remodeling  cf  Subetrm^ture 

J|||i^.C(»Ltractor  is  required  to  remodel  thetopsof  ddpiero, 
t^ilower  them  or  to  strengthen  them  so  as  to  cany 
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r  .  IQw  iBMcxBigr  pifini  for  ft  biiM«^  IMIll 
iiliiil  y<Mi  i&Mse.    The  bfidge  to  be  htMrn/Uf, 
lirisfe  %rpe,  heaving  tbe  kmw  deek  at  ft  ipndb  iMNip 
llnLitcyvid^    end  the.  grade  of  the  iq[iper  deofe 
ait  the  orlgteAl  phou    Therefore  it  is  neeowoeiy  tq^ 
faridiBe  seat  by  buUduig  up  the  maaooiy  oa  ooipi 
Oiie  othwi  by  reoiovmg  the  tc^e  of  the  pien;  :attdj|i 
girden  will  be  pkoed  in.  the  tope  of  the  pi 
the!  load.  .;)  ^ 

The  work  to  be  done  under  thid  contract  is  aa 

A.  Build  three  concrete  abutmentSi  one  m.. 
Street  and  one  cm  the  south  aide  of  First  Stoe^      ^;^ 

B.  Place  in  the  position  and  elevatioii  wmifdti^t 
and  II,  steel  girders,  which  the  C<»npany  will  t 
about  the  girders  with  quarry-faced  masonry,  and  iU  j^ 
the  girders  with  rubble  masonry  or  ccmcretei  all  a^ 
Drawing  No.  57. 

C.  Build  up  Pier  III  with  quarry-faced  ma8aiii3r 
rubble  masonry  backing,  as  shown  in  outline  cm 

D.  Remove  the  tops  of  Piers  IV  and  V,  re] 
masonry,  and  place  in  the  new  tops  of  the  piers 
Company  will  furnish,  all  as  shown  in  outline  on 

E.  Remove  the  tops  of  Piers  VI  and  VII  and 
of  masonry,  as  shown  in  outline  on  Drawing  No» 
will  be  required  in  these  piers. 

H.     Remodel  Pier  VIII,  situated  on  the  south 
railroad  tracks,  substantially  in  accordance  with 
location  of  the  north  approach  should  be  changed,  a 
pair  of  large  concrete  pedestals  shall  be  constructed 

I.     R^nodel  Pier  IX,  situated  on  the  nortt 
railroad  tracks,  as  noted  on  Drawing  No.  61, 
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diveet    The  tmuaed  materials  f^  Pier  VH  fftaS  fie 
llie  north  skfe  and  thoee  froai  TIeinB  and  VI  on  the  soisft  aM| 

:4iie  fiver 
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.'inie  ezUiDg  iMere  ore  to  be  irwoiodded  as  abciro  deisribeA  Jni^<iM»v  d 
«Q«tl»df»win8ik  .:  All  the lebiilduig  iatabe  doae  in »iin^Jii^fci    >:: 
inMBBeff''  andr  tii  ibe^  tHUAtfaotaon  of  the  &MdneeiB«    In  imintiia  the 
fe  tn^be  takn  ^noi  to  iaiiife  in  any  imgr  either  the  incr  er  air. 
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c.^f^. 


i^ilplaiJthat  aieiito  he  ntttised  in  lebuflding^ 

Y.  7.    BemodeUng  cf  8ypenbructur& 


Oofsasianalljr  it  beoomes  neoeesaryi  in.r^lacing  an  old  bridge,  to  letajoi 
tf  #p  eiq^Mtwiiire.    In  such  «  caM  i^  full  deeorHptkN^  fitil| 
AfiuM  be  ]pre|)ar0d  ItMr  eueh  repiaoement^  and  detafled  #9ea»^^ 
HiQUMk  be  i^fen  oofioetiung  its  nu)du9  operamIL  t  v  r 


f(i 


li:^^'^•; 


♦     .       •   '   V  . 


ESAIfPLB 
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of  feoaodduig  the  superstructure  of  this,  bridge  (oopiriele  4^^ 


Ju    JBmraing  falsework  under  each  tspexL  so  as  to  support  it  and  cany 
urkig  the  reconstruction. 

Bttfecrving  and  replacing  certain  vertical  posts  and  diagonals  as 
lin  the  accompanying  plans. 
>^#litt|tChefelag  ibe  floor-beams  by  adding  cover  pbtes  to  the  top 


i17*      < 


^^Wl^lg^^       stringers. 
IWiWiViag  and  replacing  the  portal  bracing, 
all  new  metalwork. 

ol  debris.  i 

to  be  done  is  indicated  clearly  on  the  aecompaiqdagpiaiii^/ 
M^peifeetly  which  is  new  construction  and  which  is  old.    Hie 
is  to  be  manufactured  in  strict  accordance  with  these 
»|pd(  ie  to  be  put  in  place  in  a  manner  liatisfacfaHy  to  the 
iMMmoirk  is  to  be  conducted  in  acoofdnnQe  with  ttie 
siwcifieatians  for  new  woric.  . .  ii 
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ttod  rail  flpiifiii,  aie  to  W 

1li6  pittticulflur  mat^^ 
Ibci  GoiitiMtar  mitti  reoaivei  bM^ 
lIpl^ofQi^  ^lerefor  until  the  ooiuirfetlbii  13^    _^ 

The  Baiboad  Company  will  fumiah  the  CkNriiiMl#> 
alSimihiiia  Staticm  all  the  oement  raqiiiied lorlte i 
tmotOr  muflt  receive,  unload,  haul  to  ate,  aHil 
use;  and  he  will  be  held  reBponnble  for  Um 
until  then.    The  Cioiitraetor  will  be  attowed  tteeir  ^ 
empty  each  car  of  its  load  of  oementy  after  wUbki 
uaual  demurrage.  -s^j 

y.  9.  Mainienanee  cf  Tmgk 
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.  In  reconstructing  an  old  bridge  it  is  almost  «lMl8fi|[j 
tain  the  traffic  croesiiig  the  structure  as  wdl  as  ^ 
ference  with  other  traffic  indirectly  affected  bjr  tiMl 
gaUe  waterways,  public  highways,  private  ri 
a  structure,  cannot  be  obstructed  except  by  qiedal 
by  the  proper  authority;  and,  as  a  rule,  it  is 
erection  without  such  interference.    This  is  also'  trt& 
This  clause  should  state  the  kinds  of  traffic  to  be 
cautions  to  be  taken  in  each  case. 


.->  V 


.M^ 


Example 


The  Contractor  must  so  conduct  all  of  his 
to  the  least  extent  practicable  with  the  passage  of 
trains,  vehicles,  animals,  pedestrians,  and  aU  other 
and  he  must  take  every  precaution  against  acddee^i 
said  boats,  rafts,  trains,  vehicles,  animals,  pedestiiitt^vf 
because  of  his  operations.  No  thoroughfare  of  any; 
without  the  written  consent  of  the  proper  authoritfei^d 


V.  10.  Maintenance  of  Sewera  and 

In  constructing  a  bridge  existing  water-pipes, 
have  to  be  moved  or  temporarily  supported.    Thiat 
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"who  is  to  perform  this  work,  and  whether  there  is  to  be  any  direct  pay- 
ment therefor. 

Example 

Unless  otherwise  agreed  upon  in  writing,  the  Contractor  shall  maintain 
and  leave  in  good  condition  any  sewers,  pipes,  or  other  conduits  uncov- 
ered or  disturbed  by  his  operations;  and,  if  necessary,  he  must  remove  the 
old  ones  and  build  new  ones.  Such  removal  and  building  shall  be  treated 
as  ''Unclassified  Work,"  unless  there  be  schedule  prices  to  cover  them 
in  the  Contractor's  tender,  or  unless  some  special  agreement  for  the  work 
involved  be  entered  into  by  the  Contractor  and  the  Purchaser  (either 
personally  or  through  the  Engineers). 

V.  11.  Side-Tracks 

In  this  clause  there  should  be  stated  what  faciUties  exist  for  building 
side-tracks  for  unloading  materials,  who  is  to  build  them,  and  at  whose 
expense.  Generally  the  raiboad  company  puts  them  in  at  its  own  ex- 
pense and  removes  them  after  the  work  is  completed;  but  sometimes  the 
Contractor  has  to  put  them  in  either  at  his  own  expense  or  at  that  of  the 
Purchaser. 

Example 

The  Purchaser  will  furnish  the  Contractor  with  all  the  rails,  switches, 
angle-bars,  bolts,  spikes,  and  ties  required  for  building  2,450  lineal  feet 
of  side-track;  and  the  Contractor  will  be  required  to  do  the  necessary 
grading  and  lay  the  track.  After  the  structure  is  completed  the  Con- 
tractor, at  his  own  expense,  is  to  take  up  and  store  at  Walhachin  Station, 
as  directed  by  the  Purchaser,  all  the  said  track  material  and  leave  the 
same  in  good  order. 

V.  12.  Storage  Facilities 

In  this  clause  should  be  stated  what  storage  faciUties  exist  or  may 
be  had  m  the  neighborhood  of  the  bridge  site;  and  if  the  Engineers  know 
what  the  cost  thereof  would  probably  be,  they  should  state  it,  but  at  the 
same  time  they  should  make  it  clear  that  the  Purchaser  is  not  to  be  held 
responsible  for  the  correctness  of  the  statement. 

Example 

It  will  be  necessary  to  build  a  short,  temporary  track  from  the  site 
close  to  low-water  line  around  to  a  small  flat  lying  between  the  site  and 
the  town  of  Lytton.  This  ground  is  somewhat  broken,  and  is  by  no 
means  ideal  for  storage,  but  it  is  the  best  that  can  be  had.  As  it  is  use- 
less for  cultivation,  being  covered  with  boulders,  there  will  probably  be 
no  charge  for  rental.  However,  the  Purchaser  does  not  guarantee 
this. 
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1Ri0  Goirenimeiit  feodcds  flb^ 
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Hie  montiis  of  August,  Sqpfteiolwri 
d».  to  tide  raudiesiippi^^ 

ilmgi  Ui^  waters  aie  ttMsOl^ JkMl^l^^ 
imiiptaABi       eoasldsfaUe  ^i»m      lliic 
cittssfflty^  bftok  water  from  tte  Q 
4peeifio«tfoii0  is  a  chart  showltig  ^^Omntiiiit^ 
bgr  the  U.  8.  Crovemmeiit.  »  ^  i     ^r*  n<i>iU  fi^ 

In  itfeparing  his  tender  each  eonteaetor  is  isf^i^ 
judgmmt  of  probable  river  ooiKlitiow}  iiKi  tibis 
will  in  no  way  be  considered  as  unfoMseen*    •    jt  > 


tif^fr  :*^;:-'^: 
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In  this  clause  should  be  stated  ^s^iether  mtA^ 
or  are  not  to  be  hauled  free  of  chaife  over 
lines  that  are  owned  or  controlled  by  the 


EXAMHiK 
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i^. 


The  Purchaser  will  haul  both  ways,  free  #f 
tractor's  men,  materials,  and  plant  which  may  ^. 
or  indirectly  in  connection  with  the  work  eavered,i 
following  lines  of  railroad 


}>.L1 


V.  15.  Engine  Service 

In  this  clause  should  be  stated  whether  the 
engine  service  free  of  charge  or,  if  not,  how  mui^ 
for  each  engine  with  its  driver  and  stoker. 
the  Contractor  pay  the  Purchaser  for  engine  serviee^^ 
keeping  the  engine  and  crew  hanging  around  idla 
Contractor  to  finish  portions  of  the  work.  On  1^^ 
every  part  of  a  day  occupied  should  count  for.  a 
.unoccupied  portion  would  probably  be  wasted  hg^ 
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Example 

The  Purchaser  will  furnish  the  Contractor,  at  the  rate  of 

dollars  ($. )  per  day,  engine  service  (including  one  locomotive,  one 

driver,  and  one  stoker,  with  fuel,  oil,  waste,  and  all  such  supplies)  for 
placing  cars  to  unload  material,  for  taking  down,  transporting,  and  stor- 
ing of  the  metal  of  the  old  structure,  and  for  moving  plant  and  materials 
for  the  new  work.  Each  portion  of  a  day  that  an  engine  and  crew  are 
employed  shall  be  paid  for  as  a  whole  day. 

V.  16.  Routing  of  Freight 

In  this  clause  should  be  stated  by  what  raibx)ad  or  railroads  the  ma- 
terials are  to  be  transported,  provided  that  the  favored  route  is  no  more 
expensive  to  the  Contractor  than  any  other.  It  is  only  occaaonally  that 
this  restriction  is  placed  in  bridge  specifications;  but  when  their  jxincipal 
is  a  raiboad  company,  the  Engineers  should  always  ask  whether  there  are 
any  instructions  to  be  given  concerning  the  routing  of  frei^t. 

Example 

Provided  the  Contractor  be  put  to  no  extra  expense  thereby,  the  metal 
is  to  be  shipped  from  Pittsburgh  to  St.  Louis  by  the  Pennsylvania  System, 
from  St.  Louis  to  Texarkana  by  the  Missouri  Pacific  System,  and  from 
Texarkana  to  destination  by  the  Kansas  City  Southern  Railway  Company. 

V.  17.  Customs  Duties 

When  the  metal  work  or  other  material  is  to  be  delivered  in  a  foreign 
country,  the  8i>ecifications  invariably  should  state  who  is  to  pay  the 
customs  duties. 

Example 

The  prices  named  in  the  Contractor's  tender  must  cover  the  customs 
duties  on  all  imported  materials  and  plant  used  in  the  construction  of 
the  bridges. 

V.  18.  Patents  and  Royalties 

When  any  patented  articles  are  to  be  used  on  the  work,  the  specifica- 
tions invariably  should  state  who  is  to  pay  the  royalties  thereon. 

Example 

With  the  sole  exception  of  any  patents  that  may  be  owned  or  con- 
trolled by  the  Purchaser's  pngineers,  the  Contractor  is  to  pay  all  royalties 
charged  for  the  use  of  patented  articles  employed  in  manufacturing  or 
building  the  structures. 
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otfiei8  H  is  better  to  be  more  Bp90k^^:lkmi  >    iv: 
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Tlie  GontmefaM*  ahall  not  eniDloy  on  tfae  imiiu 

lectiljr,  any  Aeiatic  or  aoy  petBOQ  of  the  4^^ 

No  woiic  whatever  sludl  at  any  tune  or 
iiiNMdity  wheQ  danger  to  life  or  |iwipert;y 
Sunday,  and  the  Ckntiactor  diall  taka  att 
any  foreman,  or  agenti  or  workman,  or  etiier 
empkqang  others  on  l^t  day.    Hie  X^]rGha0er 
reflponsible  for  any  infraction  by  the  Contraetei^llf 
labor  restriotiona.   . 

L  20.  LimUsifDaatli^i^^ 

The  Contractor  shall  not  employ  i^on  tba 
therewith  aiiy  workman  or  employee  for  more  than. .« 
per  day  of  twenty^our  hours.    The  working  d.^  dp«^ 

o'clock,  A.M.  and  shall  end  at o'clock  P.II.    u 

men  are  working  in  one  day,  the  same  men  shaft 
work  on  more  than  one  shift.    Overtime  shall  aoi^; 
pretense  whatever,  except  when  human  life  is  in  j 
erty  is  in  danger  of  destruction.    In  sudi  cases 
until  the  work  is  secured  from  danger,  but  no  lOQfPlj 
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I.  21.  iZo^es  0/  TFoflW 

The  Contractor  shall  pay  or  cause  to  be  paid  tolyqf' 
mechanics,  or  laborers,  employed  by  him  on  or  u^ 
work,  a  rate  of  wages  not  less  than  that  generaQy 

for  competent  workmen,  artasani^ 

when  employed  on  similar  work. 
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V.  22.  Sources  of  Supply  for  it^ 

It  often  helps  bidders  in  preparing  their 
fications  a  clause  stating  where  many  of  the 
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ikmm^Akifti^^  moEvniefittjr; ,  but  ii  kmlkimiSmi^0W^ 

leciEpeDfla  to  the  Purehaser. 

ESXAMPLB 

'      .  '  *  '    -■-  ii'l:* 

Ck)od|  dean  sand  can  be  found  in^a  bank  about  thiee-quartera  ci  a 

from  the  bridge  site;  and  thete  is  a  fairiy  good  road  with  a  ooittini:^ 

down  grade  from  the  said  bank  to  the  sito.    Gravel  of  satisfaetoiy 

is  obtainaUe  in  large  quantities  from  a  bar  about  half  il  n#» 

i,  but  it  win  require  washing.    Broken  stone  ean  be  farooi^ 

fay  rail  from  a  quarry  t^QL  niiles  distant,  Imt  wiU  have  to  be  trans^ 

Ipagon  a  full  mile  fitxn  the  railway  statioiL    There  is  no  local  iSmlb^ 

iraila,ble,  hence  what  is  needed  will  have  to  be  brought  from  ^  cbast 

Y.  2i.  Prieea  of  Maieriala 

It  is  often  advisaUe  to  state  the  prices  at  which  the  materials  requirsd 
it  ti^nrtroction  can  be  bou|^t|  but  as  a  matter  of  precaution  no  respon- 
to  the  Purdiaser  or  the  Engineers  should  be  assumed  by  makilig 
sfeatemeBit* 


Kii 


The  following  prices  of  materials,  deliv^*ed  on  cars  at  various  stations 
^forchaser's  line.  Sue  furnished  to  bidders  as  a  guide  in  inreparing 
ir  tndflfs;  jmt  it  is  understood  that  the  Purchaser  in  no  wayguan^ 
Hieir  correctness: 

''^  Portland  cement 11.65  per  bbL 

Ibongifaaf  yellow  pine  timber 18.00  per  M.  ft.  B.  M. 

"*^^^  *""'  yellow  lune  timber 16.00  per  M.  ft.  B%  M. 

^tisil^'ltef  yellow  pine  piles 06  per  lineal  foot      ^ 

i)ik  pHes^  from  80  ft.  to  40  ft.  long 15  per  Imeal  foot 

'^^*^€h»reL ; 50  per  cu.  yd. 

^ 'Jittid.  .V  .* J85  par  cu.  yd. 

* 

',    Z*"  V.  2i.  SpirU  of  the  Spedficationa 

Halifire  and  spirit  of  these  specifications  are  to  provide  for  the 

enumerated  to  be  fully  completed  in  every  detail  for  the  pur- 

;  and  it  is  hereby  understood  that  the  C!ontractor|  in  aocept- 

;,  agrees  to  furnish  any-  and  eversrthing  necessary  for  such 

notwithstanding  any  omission  in  the  drawings  or  qieci^- 

"^^^  ,         y.  26.  Modu8 Operandi 

flpermdi  of  construction 
be  adopted: 
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Imiii^  alxyvB  cottrame  UglHVftter 

%m  of  the  flhaft  eeaseB  tempoittriljr.    Aia^li 

Iril^  water,  has  no  great  veicMilgr  of 

J^wWa*  w^^^W  arH^ap^|^^^'^^''^pa  ^i^a    i^p^  ',^^^^^^a  ^^v  ^^^^pp>^^^^p^  ^^^^^^ 

J :  ik  ^ffill  not  fwfioe  to  delaar  ^ 

auy  to  start  the  ereotion  of  the  said 

tbeieof.    Moreover,  as  the  approaohesraie  to  'is 

the  metal  of  the  main  spans  to  the  rivfo*  baii|^  aaC 

the  greatest  haste  in  the  completion  of  ilie 

to  start  the  erection  of  the  i^yproaches 

so  as  to  complete  them  by  tiie  time  that  ^ 
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V*  26.  Aeeompant/ing 


'  ,:  ^  V  L 


Qive  in  some  systematic  order  a  list  of  all  UNl^: 
pany  the  specifications,  and  state  whether  thes% 
plete  detail  drawings  to  be  f umiabed  by  the 
indicate  which  are  specially  prepared  for  the 
and  which  are  drawings  of  old,  similar  strui^t|i|ffl| 
samples  of  what  the  work  will  be  like.    This  is 
anticipate  the  Contractor's  possible  claim  for 
on  the  plea  that  the  actual  work  has  di£Fered  from 
bidding  drawings. 

Example 

The  following  drawings  accompany  and  su; 

Oeneral  and  Substructure  Drawings  and  Stre^B 

1.  General  Plan  and  Profile,  Black  River  Bri 

2.  General  Plan  and  Profile,  Little  River  Brt 
8.  Location  Map,  Black  River  Bridge.  ^i 
4.  Location  Map,  Little  River  Bridge. 
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5.  Substructure,  Black  River  Bridge. 

6.  Substructure,  Little  River  Bridge. 

7.  Diagram  of  Stresses  and  Sections,  Black  River  Bridge. 

8.  Diagram  of  Stresses  and  Sections,  Little  River  Bridge. 

Typical  Detail  Sheets 

10.  Coimterweights,  City  Waterway  Bridge. 

13.  Floor  System  201-ft.  Span,  Keithsburg  Bridge. 

14.  Trusses  201-ft.  Span,  Keithsburg  Bridge. 
24.  Trusses,  114-ft.  Span,  Keithsburg  Bridge. 

29.  Details  of  Towers,  Keithsburg  Bridge. 

30.  Details  of  Towers,  Keithsburg  Bridge. 

Machinery  Drawings 

Ml.    Tower  sheaves,  shafts,  bearings,  equalizers,  ropes,  and  rope 

sockets  for  Black  River  Bridge. 
M2.     Tower  sheaves,  shafts,    bearings,  equalizers,  ropes,  and  rope 

sockets  for  Little  River  Bridge. 
M3.     General  arrangement  of  operating  machinery  for  Black  River 

and  Little  River  bridges. 
M4.     Mechanical  Indicator  for  Black  River  and  Little  River  bridges. 
M5.     Guide  Rollers  for  Puyallup  River  Bridge  (illustrative  for  guide 
rollers). 
26.     Centring  Castings  for  Keithsburg  Bridge  (illustrative  for  thrust 

castings). 
41.     Rail  Locks,  Keithsbiu*g  Bridge  (illustrative  for  rail  locks). 
Nos.  1  to  8  inclusive  and  Ml,  M2,  M3,  and  M4  have  been  prepared 
specially  for  the  two  proposed  bridges;  but  the  others  are  oflfered  merely 
to  show  the  character  of  the  details,  in  order  that  bidders  may  tender 
on  the  work  at  imit  prices. 

V.  27.  Detail  Drawings 

If  the  complete  det^l  drawings  are  not  submitted  to  the  bidders,  the 
following  clause  is  to  be  used  under  this  heading: 

"As  soon  as  practicable  after  the  contract  for  building  the  structure 
is  signed,  the  Engineers  will  furnish  complete  detail  plans,  in  strict  ac- 
cordance with  which  the  Contractor  shall  prepare  his  shop  drawings  or 
his  working  drawings." 

Sc»netimes,  however,  it  is  advisable  to  state  exactly  when  the  drawings 
will  be  ready. 

V.  28.  Working  Drawings 

The  wording  of  this  clause  will  depend  on  the  type  of  structure  to  be 
built.  It  should  fix  the  responsibility  of  the  Contractor  in  regard  to  the 
checking  of  the  Engineer's  plans,  should  determine  the  plans  to  be  pre- 
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lions  of  these  are  made,  the  Contractor  shall  be  responsible  for  all  errors 
which  may  occur  or  which  may  have  occurred. 

With  his  working  drawings  the  Contractor  shall  furnish  an  erector's 
diagram  which  shall  show  clearly  the  marking  and  position  of  each  mem- 
ber of  the  bridge,  also  a  camber  diagram. 

Upon  the  approval  of  the  working  drawings,  but  not  before,  work  on 
the  structure  may  be  begun;  and  it  is  expressly  provided  that  such  ai>- 
proval  shall  in  no  way  release  the  Contractor  from  responsibility  for  draft- 
ing or  shop  errors.  After  the  plans  have  been  approved,  alterations  will 
be  permitted  only  upon  the  written  instructions  of  the  Engineers. 

The  Contractor  shall  prepare  complete  detail  plans  showing  shape, 
dimensions,  and  position  of  all  reinforcing  bars,  and  shall  design  and 
prepare  full  working  drawings  for  all  forms,  falsework,  and  staging,  and 
for  all  erection  equipment;  and  these  drawings  must  be  made  to  meet 
the  approval  of  the  Engineers  before  construction  begins. 

Before  the  constructions  are  accepted,  the  Contractor  shall  furnish 
to  the  Purchaser,  without  charge,  one  complete  set  of  all  shop  drawings 
and  all  working  drawings  printed  on  cloth. 

Example  2 

The  Contractor  shall  prepare  all  detailed  working  drawings  required 
to  enable  him  to  fabricate,  erect,  and  construct  all  parts  of  the  work  in 
strict  conformity  with  the  Engineers'  drawings  and  with  these  specifications. 

These  working  drawings  for  structiuul  steel  and  machinery  shall  in- 
clude, in  addition  to  the  necessary  shop  drawings,  camber  diagrams  and 
erection  diagrams  which  show  clearly  the  marks  and  position  of  each 
member. 

For  reinforced  concrete  construction,  the  working  drawings  shall  show 
the  dimensions,  shape,  position  in  the  work,  and  means  of  supportmg  in 
position  of  all  reinforcement,  and  all  forms  and  the  means  of  supporting 
them. 

For  substructure  and  all  general  construction  the  working  drawings  shall 
show  all  minor  and  special  details  which  are  left  open  to  the  Contractor's 
choice  of  methods  of  construction  or  which  for  any  reason  are  not  fully 
shown  on  the  Engineers'  drawings. 

For  all  construction  the  Contractor's  working  drawings  shall  show 
details  of  falsework,  rigging,  and  all  other  temporary  structures,  and  sizes, 
capacities,  and  other  characteristics  of  all  machinery  and  plant  employed. 

Working  drawings  shall  be  submitted  to  the  Engineers  in  duplicate; 
one  set  will  be  returned  to  the  Contractor  approved,  or  showing  the 
changes  or  corrections  required;  duplicate  copies  shall  be  resubmitted 
after  correction,  until  they  receive  the  Engineers'  approval.  Working 
drawings  shall  be  corrected  or  revised  whenever  and  however  the  En- 
gineers direct,  but  no  approved  working  drawings  shall  be  altered  and 
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the  Engineers'  drawings  shall  not  be  deviated  from  without  the  written 
consent  of  the  Engineers. 

The  Contractor  shall  carefully  check  all  drawings,  the  Engineers'  as 
well  as  his  own,  and  if  any  errors  be  found  they  shall  be  reported  to  the 
Engineers,  who  will  make  or  approve  the  necessaty  corrections.  The 
Contractor  having  undertaken  to  construct  a  structure  complete  and 
adequate  for  the  purpose  intended,  and  having  checked  all  plans,  shall 
be  responsible  for  the  correctness  of  all  drawings;  and  it  is  expressly  under- 
stood that  the  Engmeers'  approval  of  the  drawings  does  not  in  any  measure 
relieve  the  Contractor  of  full  responsibility  for  errors. 

Payment  for  working  drawings  shall  be  included  in  the  prices  for  ma- 
terials named  in  the  contract.  For  minor  revisions  of  completed  and 
approved  working  drawings  no  extra  payment  will  be  made;  for  material 
revisions  for  which,  in  the  Engineers'  opinion  the  Contractor  is  fairly 
entitled  to  extra  compensation,  the  Engineers  will  fix  the  amounl*  that 
the  Purchaser  shall  pay  and  the  Contractor  accept  as  full  payment  for 
such  revisions. 

The  Contractor  shall  furnish  without  additional  charge  two  complete 
sets  of  cloth  and  as  many  sets  of  paper  blueprint  copies  of  the  working 
drawings  as  the  Purchaser  and  the  Engineers  may  desire. 

P.  29.  Alteration  of  Plans 

The  Engineers  shall  have  the  p)ower  to  vary,  extend,  increase,  or  dimin- 
ish the  quantity  of  the  work,  or  to  dispense  with  a  portion  thereof  during 
its  progress  without  impairing  the  contract;  and  no  allowance  will  be 
made  the  Contractor  except  for  the  work  actually  done.  In  case  any 
change  should  involve  the  execution  of  work  of  a  class  not  herein  provided 
for,  the  Contractor  shall  perform  the  same  as  provided  for  in  the  clause 
entitled  ''Unclassified  Work."  In  such  casQs  the  Engineers  will  first  give 
a  written  order,  and  the  Contractor  must  furnish  them  with  satisfactory 
vouchers  for  all  labor  and  materials  expended  on  the  work. 

P.  30.  Changes 

All  clauses  of  the  specifications  and  contract  shall  apply  to  any  changes, 
additions,  or  deviations,  in  like  manner  and  to  the  same  extent  as  to  the 
works  at  present  projected;  and  no  changes,  additions,  or  deviations  shall 
annul  or  invalidate  either  the  contract  or  the  bond. 

P,  31.  Workmanship  and  Materials 

It  is  the  intent  of  these  specifications  to  provide  for  first-class  materials 
and  workmanship  of  every  kind  in  all  parts  of  the  structure,  and  both 
shall  be  subject  to  the  inspection  and  approval  of  the  Engineers  at  any 
time  during  the  progress  and  until  the  final  completion  of  the  work.     The 
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mill  orders  and  plans  must  be  furnished  to  the  Inspector,  and  he  must 
be  notified  in  time  to  be  on  hand  when  work  is  begun  on  his  order.  Any 
delay  on  the  part  of  the  Inspector  shall  be  reported  to  the  Engineers,  but 
no  material  will  be  accepted  which  has  not  been  passed  upon  by  the  au- 
thorized representative  of  the  Engineers. 

P.  34.  Inspection  of  Other  Materials  than  Metal 

All  other  materials,  processes,  and  workmanship  than  metal  and 
machinery  and  their  manufacture  shall  be  inspected  at  the  bridge  site, 
imless  the  Contractor  should  elect  to  have  any  materials,  processes,  or 
workmanship  inspected  elsewhere,  in  which  case  such  inspection  shall  be 
performed  by  the  Engineers  at  the  places  designated  by  the  Contracts; 
but  all  expenses  incurred  in  making  such  inspection  shall  be  borne  by  the 
Contractor,  and  shall  be  paid  promptly  from  time  to  time  upon  pres^ita- 
tion  of  bills  for  same. 

The  Engineers  shall  have  the  right  to  take  such  samples  of  all  ma- 
terials as  they  consider  necessary  for  testing  or  examination. 

P.  35.  Final  Inspection 

Before  the  completed  work  is  accepted  and  paid  for,  the  contractor 
shall  notify  the  Engineers  in  writing  that  it  is  ready  for  final  inspecticm. 
Upon  receipt  of  the  notification,  the  Engineers  will  arrange  to  give  the 
entire  work  a  minute  and  thorough  inspection,  either  in  person  or  through 
a  competent  representative  who  has  not  been  employed  regularly  on  the 
special  work.  Any  defects  or  omissions  noted  during  this  inspection  must 
be  made  good  by  the  Contractor  without  extra  charge  before  the  said 
work  will  be  accepted  or  paid  for  in  full. 

P,  36.  Strictness  of  Inspection 

All  materials  and  workmanship  will  be  thoroughly  and  carefully  in- 
spected, and  the  Contractor  will  be  held  at  all  times  to  the  spirit  of  the 
specifications;  but  nothing  will  be  done  by  the  Engineers  or  Inspectors 
to  give  the  Contractor  needless  worry  or  annoyance,  the  intent  of  both 
specifications  and  inspection  being  simply  to  obtain  work  that  will  be 
first  class  in  every  particular  and  a  credit  to  every  one  connected  with 
its  designing  and  construction. 

P.  37.  Defective  Work 

The  Contractor,  upon  being  so  directed  by  the  Engineers,  shall  remove, 
reconstruct,  or  make  good,  without  charge,  any  work  which  the  said 
Engineers  may  consider  to  be  defectively  executed.  The  fact  that  any 
defective  material  in  the  structure  had  been  previously  accepted  by  the 
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ov«^ght  of  the  Inspectors  shall  not  be  considered  a  valid  reason  for  the 
Contractor's  refusing  to  remove  it  or  to  make  it  good.  And  mitil  such 
defective  work  is  removed  and  made  good,  the  Purchaser  shall  deduct 
from  the  partial  payments  or  the  final  pajonent,  as  the  case  may  be, 
whatever  sum  for  defective  work  as  may,  in  the  opinion  of  the  Engineers, 
be  just  and  equitable. 

P.  38.  Differences  of  Opinion 

If  any  differences  arise  between  the  Inspector  and  the  Contractor  re- 
garding the  meaning  of  these  specifications  and  the  accompanying  plans, 
the  Contractor  shall  bring  the  same  inmiediately  tb  the  attention  of  the 
Engineers,  who  will  adjust  the  said  differences. 

P.  39.  Position,  Gradient,  and  Alignment 

The  entire  bridge  must  be  constructed  in  the  exact  position  required, 
the  finished  surfaces  of  tracks  and  floors  must  conform  exactly  to  the 
elevations  and  gradient  specified,  and  all  parts  of  both  substructure  and 
superstructiu'e  must  be  in  exact  alignment  and  properly  adjusted.  The 
Contractor  must  provide  all  frames,  forms,  falsework,  shoring,  guides,  and 
anchors  that  may  be  required  to  insure  this  result. 

P.  40.  Other  Contractors'  Work 

Elach  contractor  will  be  required  to  perform  his  work  in  the  proper 
sequence  in  relation  to  other  work,  as  may  be  directed  by  the  Engineers, 
and  properly  to  join  his  work  to  either  existing  or  new  construction. 

P.  41.  Directions  to  Contra^ctar 

All  of  the  work  is  to  be  under  the  supervision  of  the  Engineers,  and 
they  will  give  the  Contractor  directions  and  instructions  from  time  to 
time;  and  all  such  directions  are  to  be  conformed  to  by  the  Contractor 
and  by  all  of  his  employees  and  agents.  In  case  that  the  Contractor 
shall  not  be  present  upon  the  work  at  any  time  when  it  may  be  necessary 
for  the  Engineers  to  give  instructions,  the  foreman  in  charge  shall  receive 
and  obey  any  orders  that  the  Engineers  may  give.  On  the  request  of  the 
Contractor  or  his  representative  any  verbal  order  given  by  the  Engineers 
or  their  representatives  will  be  repeated  in  writing.  Subcontractors  or 
agents  of  any  kind  of  the  Contractor  are  deemed  employees  of  the  Con- 
tractor, and  they  must  conform  to  the  directions  and  supervision  of  the 
Engineers  in  the  same  way  as  all  other  employees  are  required  to  conform. 

P.  42.  Responsibility  for  Accidents 

The  Contractor  shall  assume  and  be  responsible  for  all  accidents  to 
men,  animals,  plant,  and  materials,  due  either  directly  or  indirectly  to 
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his  operations,  before  the  acceptance  of  the  structure.  The  Contractor 
shall  place  sufficient  and  proper  guards  for  the  prevention  of  accidaitS} 
and  shall  put  up  and  maintain  at  night  suitable  and  sufficient  li^ts. 

P.  43.  Cantradcr's  Risk 

The  Contractor  shall  bear  all  loss  or  damage,  from  whatever  cause 
arising,  which  may  occur  to  the  works  or  any  portion  of  them,  imtil  the 
same  are  fully  and  finally  completed  and  delivered  to  and  accepted  by 
the  Purchaser;  and  if  any  such  loss  or  damage  occur  before  such  final 
completion,  delivery,  and  acceptance,  the  Contractor  shall  immediately, 
at  his  own  expense,  repair,  restore,  and  re-execute  the  work  so  damaged, 
so  that  the  whole  work  may  be  completed  properly  within  the  time  limit 

P.  44.  Damages 

The  Contractor  shall  indemnify  and  save  harmless  the  Purchaser  against 
all  claims  and  demands  of  all  parties  whatsoever  for  damages  or  for  com- 
pensation for  injuries  arising  from  any  obstructions  erected  by  the  Con- 
tractor or  his  employees,  or  from  any  neglect  or  omission  to  provide 
proper  lights  and  signals  during  the  construction  of  the  work. 

P.  45.  Loading  Metalwork  on  Cars  and  Shipping 

Projecting  parts,  liable  to  be  bent  or  injured  in  transit,  must  be  blocked 
with  wood  before  shipment  in  such  a  way  as  to  protect  them  from  injury 
in  handling  or  in  transit.  All  small  parts,  such  as  rivets,  bolts,  nuts, 
washers,  pins,  fillers,  and  small  connection  plates,  shall  be  boxed  strongly; 
and  the  contents. shall  be  marked  plainly  on  each  box,  in  addition  to  the 
shipping  address.  Small  plates  may  be  shipped  in  bundles,  securely  wired 
and  properiy  tagged. 

In  shipping  long  plate-girders  great  care  is  to  be  taken  to  distribute 
the  weight  properly  over  the  two  cars  that  support  them,  and  to  provide 
means  for  permitting  the  cars  to  pass  aroimd  curves  without  disturbing 
the  loading. 

In  both  the  handling  and  shipment  of  metalwork  every  care  is  to  be 
taken  to  avoid  bending  or  overstressing  the  pieces  or  damaging  the  paint. 
AU  pieces  bent  or  otherwise  injiu'ed  will  be  rejected. 

P.  46.  Loading  Metalwork  on  Vessel  and  Preparing  Same  Therefor 

Every  piece,  bundle,  or  package  shall  be  carefully  and  plauily  marked 
with  the  shipping  address  and  destination,  with  the  names  and  numbers 
of  pieces,  and  with  any  other  such  marks  of  identification  as  may  be 
necessary  to  ensure  the  correct  disposition  of  the  material.  All  small 
parts,  such  as  rivets,  bolts,  nuts,  washers,  pins,  fillers,  and  small  connec- 
tion plates,  shall  be  boxed  strongly,  and  the  contents  shall  be  marked 
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ibifitgr  oi  lidding  tiikn  conj^aed  or  interchanged.    As  the  omisrikai 

"^^ttigr^Iifi^  he^  W011M  eaiise  gretft  troabb  aiad  d^aj  in  ^ 

Ij^iiiilQtetelgr  n^^        to  avoid  any  omissioiui. 

;iiri|^p^  lists  are  to  be  made  to  ecmespond  to  tll» 

and  packages,  so  that  each  itemontlie  list  esn  be 
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sb  done  as  not  to  overstress  any  part  and  so  as  to 

the  voyage.    If,  in  spite  of  all  precatttioAd^ 
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P«  47.  Demurrage  and  Cartage 

for  the  erection  of  the  superstructure  shall  unload  all 
promptly  upon  their  arrival  and  tranisport  them 
^ftii'  and  he  shall  be  responsible  for  and  shall  pay  any  and 
|##lher  charges  incurred  by  failure  to  unload  cars  or  boats 
•kitted  therefor  by  the  transportation  ccsnpanies.    He 
the  shipping  lists  all  parts  and  pieces  of  material 
and  shall  propwly  report   the  same  to  the 
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"  Ai  e(M»  as  pofloble  after  the 
^  C3iiiiti^^  if  80  requested,  is  to 
lor  their  wppaml  a  oonqplete  list  of  field 
fAJdi  parts  the  ContracfaNr  titeiAf 
paxAam.    If  the  EDgmeers  are  not 
jdabt  \b  sufficient  to  complete  the  entire 
time  Hmit  set  in  the  qiedfioatiansi  the 
fist  as  they  may  direct. 
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For  eadi  bridge  eovered  in  the  eealrMl  tile 

the  Purchaser  formal  written  notice  of  his 
and  these  shall  not  be  started  until  proper 
granted  in  answer  to  such  notice.  ,n1^^« 


P.  51.  Inalrumenial  W0i1t4iif\ 

The  Contractor  will  be  given  bench-marksiMl^ 
vals  throughout  the  structure;  and  he  must 
instruments  for  determining  alignment,  elevatkwi^ 
constructions  between  such  points,  subject  tOft|K||; 
of  the  Engineers.    In  view  of  this  understandiQg  9i| 
be  considered  because  of  alleged  f ailm«  on  the 
give  the  Contractor  any  information  that  oouhl  jbf ^ 
mental  work.    Again,  while  the  Engineers  maloe 
ties  of  finished  or  partially  finished  constructional 
even  check  the  Contractor's  bills  of  matmals» 
BO  request,  the  Contractor  shall  provide  them,  at 
intelligent  workmen  to  aid  in  minor  capacity  ia  j 
for  instance,  in  taping,  rodding,  picketing, 
targets,  and  such  like  work. 
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P.  52.  Engineers'  Field 

The  Contractor  shall  provide  at  his  own 
some  place  convenient  to  the  work  at  the 
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sufficiently  commodious  office,  to  be  used  solely  by  the  Engineers  during 
the  entire  construction  of  the  said  structure.  The  location  of  the  said 
office  in  each  case  is  to  be  determined  by  the  Engineers;  and  the  character 
of  the  building  provided  must  meet  with  their  approval,  it  being  under- 
stood that  serviceable,  but  not  elaborate  nor  expensive,  construction  will 
be  demanded. '  The  said  office  building  shall  remain  the  property  of  the 
Contractor  after  the  completion  of  the  structure. 

P.  53.  Arch  Centres^  Forms,  Staging,  Runways,  and  Falsework 

The  Contractor  shall  furnish  all  arch  centres,  forms,  staging,  runways, 
and  falsework;  and  there  shall  be  no  direct  payment  therefor,  imless 
there  be  made  properly  in  writing  a  special  agreement  to  the  contrary. 
The  Contractor  shall  build  all  falsework  and  staging  of  adequate  strength 
to  support  safely  the  loads  imposed  upon  them  without  injurious  defor- 
mation or  settlement. 

The  Contractor  shall  provide  suitable  forms,  and  their  design  shall 
be  adapted  to  the  structure  and  to  the  kind  of  surface  required  on  the 
concrete.  The  forms  for  concrete  surfaces  which  will  be  exposed  to  view 
shall  be  made  of  lumber  which  is  dressed  on  both  edges'**  and  on  the  faces 
next  to  the  concrete,  and  the  pieces  shall  be  straight  so  as  to  insure  a 
tight  form  that  will  prevent  the  leakage  of  mortar.  Forms  shall  be  sub- 
stantially built  and  supported  in  such  a  manner  as  to  prevent  bulging  or 
deformation  from  the  weight  or  ramming  of  the  concrete.  All  exposed 
comers  and  edges  of  concrete  construction  are  to  be  roimded  off  to  a 
two-inch  radius,  or  as  shown  on  the  drawings. 

Before  the  removal  of  forms  the  concrete  shall  have  attained  a  strength 
which,  in  the  opinion  of  the  Engineers,  will  prevent  injury  from  such  re- 
moval. Falsework  shall  be  maintained  under  all  constructions  until  such 
time  as  the  concrete  is  able  to  sustain  both  itself  and  any  load  that  is 
likely  to  come  upon  it  with  absolute  safety  to  the  concrete. 

Although  the  designs  for  all  forms,  staging,  falsework,  and  arch  centres 
are  to  be  prepared  by  the  Contractor,  they  are  to  be  submitted  to  the 
Elngineers  for  their  approval  before  being  used. 

In  all  cases  the  Contractor  is  to  be  responsible  for  and  must  make 
good  any  injury  arising  from  inadequate  forms  or  falsework,  or  from  the 
premature  removal  thereof. 

I.  54.  Removal  of  D&nis 

Upon  the  completion  of  his  contract  the  (or  each)  Contractor  shall 
remove  all  surplus  material,  temporary  structures,  and  debris  resulting 
from  his  operations  in  new  construction,  reconstmction,  or  removal  i)t  old 

*  For  the  very  beet  results  the  use  of  tongued-and-grooved  lumber  or  8hip4ap 
Is  advisable. 
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AU  steel  shall  be  nuknufactured  bar  tii0     ^ 
oonform  to  the  following  requirements;  \.{\i'^ 

The  phoephorus  and  sulphur  must  not 
in  the  following  table: 
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Impuri^ 


Phosphorus — Basic  steel. . 
Phosphorus — Acid  steel . . 
Sulphur 


Soft 


0.04 
0.04 
0.04 
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0.04 
0.06 
0.06 
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These  values  are  for  analyses  on  test  ingotp 
of  the  melts  as  well  as  for  check  analyses  on  tb% 
case  of  machinery  steel  and  forged  steel.    For 
finished  material  an  increase  in  these  values  of 
will  be  allowed. 

The  ultimate  tensile  strength  per  square  IQI^ 
following  limits: 

Rivet  steel 4&0Kf 

Medium  steel 60, 

Machinery  steel 70; 

Cast  steel N< 

Forged  steel Nofe 
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The  elastic  iimity  as  determined  by  the  drop  of  the  beam,  shall  be  not 
less  than  fifty  (50)  per  cent  of  the  ultimate  tensile  strength. 

For  rivet  steel  and  medium  steel  the  percentage  of  elongation  in  eight 
inches,  as  determined  on  the  test  specimens,  shall  be  not  less  than  1,500,000 
divided  by  the.  ultimate  tensile  strength,  except  that  for  material  less  than 
five-sixteenths  (/is)  inch  and  more  than  three-quarters  (^)  of  an  inch 
in  thickness  the  following  modifications  will  be  allowed: 

a.  For  each  one-sixteenth  (^le)  inch  in  thickness  below  five-sixteenths 
(/le)  inch  a  deduction  of  two  and  one-half  (2}/Q  will  be  allowed  from 
the  specified  percentage. 

b.  For  each  one-eighth  (yS)  ii^ch  in  thickness  above  three-quarters  (^) 
of  an  inch  a  deduction  of  unity  will  be  allowed  from  the  specified 
percentage. 

c.  For  pins  and  rollers  over  three  (3)  inches  in  diameter  a  deduction 
of  five  (5)  will  be  allowed  from  the  specified  percentage. 

For  machinery  steel  and  cast  steel  the  elongation  in  two  (2)  inches 
shall  be  not  less  than  eighteen  (18)  per  cent,  and  for  forged  steel  not  less 
than  twenty-two  (22)  per  cent,  as  determined  on  the  test  specimens. 

The  reduction  of  area  for  cast  steel  shall  not  be  less  than  twenty-five 
(25)  per  cent,  for  forged  steel  not  less  than  thirty-three  (33)  per  cent,  and 
for  machinery  steel  not  less  than  thirty-five  (35)  per  cent,  as  determined 
on  the  test  specimens. 

In  the  case  of  small  or  unimportant  castings,  a  test  to  destruction  on 
three  castings  from  a  lot  may  be  substituted  for  the  tension  and  bending 
tests.  This  test  shall  show  the  material  to  be  ductile,  free  from  injurious 
defects,  and  suitable  for  the  purpose  intended.  A  lot  shall  consist  of  all 
castings  from  one  melt  in  the  same  annealing  charge. 

V.  57.  Requirements  for  Nickel  Steel 

The  requirements  for  nickel  steel  have  not  reached  the  same  stage  of 
perfection  as  have  those  for  carbon  steel.  The  American  Society  for  Test- 
ing Materials  has  adopted  a  very  good  set  of  specifications  for  nickel  steel, 
but  the  author  is  assured  that  a  better  quality  than  therein  prescribed  can 
be  obtained  from  the  Manufacturers.  Elastic  limits  of  55,000  and,  pos- 
sibly, 60,000  pounds  per  square  inch  for  structural  shapes  can  be  secured. 
This  will  cost  slightly  more  per  pound  for  the  rolled  material,  but  less 
in  toto  for  the  finished  structure.  However,  it  has  been  necessary,  so  far, 
to  take  up  each  case  with  the  Manufacturers  as  it  arises  and  arrange  for 
the  qualities  of  the  steel  at  such  a  time.  This  procedure  will  be  necessary 
until  nickel  steel  is  more  generally  used  and  until  the  better  grades  are 
easily  procurable. 

P.  58.  Identification  of  Metal 

Each  ingot  shall  be  stamped  or  marked  plainly  with  its  proper  melt 
number;    and  this  melt  number  must  be  stamped  or  painted  plainly  on 
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by  the  Engineers.    For  rollers^  pins,  and 
analysis  shall  be  taken  at  any  point  midway 
surface  of  the  roller,  pin,  or  shaft,  or  from  a 
or  turnings  may  be  taken  from  a  test  q)ecimeiu 
inga  shall  be  taken  not  less  than  one-quarter  (^: 
of  the  casting. 

The  tensile  strength,  elastic  limit,  el(HigatiGI% 
plates,  shapes,  and  bars  shall  be  determined  l^ 
ture  a  specimen  machined  to  the  form  and 
in  which  the  thickness  of  the  test  specimen  sl]^ 
material,  except  that  for  plates  and  eye-bar 
iX)^  inches  in  thickness  the  specimen  may  be 
diameter  of  at  least  three-quarters  (^)  of  an 
nine  (9)  inches.    For  pins,  rollers,  and  bars  ( 
and  one-half  (1^)  inches  in  thickness,  and 
shafts  and  pins  of  machinery  steel,  the  teab 
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form  and  dimensions  shown  in  Fig.  796.  Test  specimens  of  rivet  steel 
shall  be  of  the  full  section  of  rods  as  rolled. 

Specimens  for  bending  tests  shall  be  similar  in  outline  to  those  used 
in  tension  tests  for  plates,  shapes,  bars,  and  rivets,  except  that  test  speci- 
mens for  eye-bar  flats  shall  always  have  a  thickness  equal  to  the  thickness 
of  the  finished  bar.  Bending-test  specimens  for  pins,  rollers,  and  bars  (ex- 
cept for  eye-bar  flats),  and  for  forgings,  castings,  and  shafts  and  pins  of 
machinery  steel,  shall  be  one  (1)  inch  by  one-half  (}/^  inch  in  section. 

Test  specimens  shall  be  taken  from  rolled  steel  in  the  condition  in 
which  it  comes  from  the  rolls,  except  as  noted  above  for  plates  and  eye- 
bar  flats  over  one  and  one-half  (1^)  inches  thick,  and  for  pins  and  rollers, 
in  which  cases  the  axis  of  the  specimen  shall  be  located  at  any  point 
midway  between  the  centre  and  the  surface  and  shall  be  parallel  to  the 
axis  of  the  bar.     The  test  specimen  shall  be  taken  from  the  bar  itself  or 


Via.  796.    Tensile  Test  Specimen. 

from  a  full-sized  extension  of  the  bar.  For  pins  and  shafts  of  machinery 
steel  and  for  forgings  the  specimen  shall  be  taken  from  the  piece  itself 
or  from  a  full-eiised  prolongation  of  the  same  parallel  to  its  axis.  It  shall 
be  taken  midway  between  the  centre  and  surface  and  shall  be  cut  parallel 
to  the  axis  of  the  piece.  For  cast  steel  the  test  specimens  shall  be  cut 
from  coupons  moulded  and  cast  on  some  portion  of  one  or  more  castings 
from  each  melt  or  from  mnk  heads,  if  the  heads  arc  of  sufficient  size.  If 
the  castings  weigh  less  than  Ave  hundred  (500)  pounds,  or  arc  of  such 
design  that  coupons  cannot  be  attached,  two  test  bars  shall  be  cast  to 
represent  each  melt;  or  the  quality  of  the  castings  shall  be  detennined 
by  tests  to  destruction  as  hereinbefore  specified. 

Every  melt  from  which  material  is  furnished  must  be  represented  by 
the  tests,  and  the  test  specimens  shall  be  cut  by  the  mill  from  flni.shcd 
material  so  selected  by  the  Inspector  timt  the  difTerent  sizes  and  shapes 
in  the  order  shall  be  as  well  reprosentt^d  as  possible.  Material  which  i.s 
to  be  used  without  annealing  or  further  treatment  shall  l>e  te-sttni  in  the 
condition  in  which  it  comes  from  the  roils.  When  material  is  to  be  an- 
nealed or  otherwise  treated  for  use,  the  test  specimens  representing  such 
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If  any  test  spedmoi  i^ows  defet#re 
it  may  be  discarded  ahd  another  flpedsMi 

If  the  percentage  of  elongation  of  any 
than  that  specified  and  if  any  part  of  the 
quarters  (^  of  an  inch  from  the  centre  dt  ift# 
specimen  or  is  outside  of  the  middle  third  of 
8-inch  specimen,  a  retest  will  be  allowed. 

The  Inspector  will  be  permitted  ooniAderfdhto 
number  of  tests  required,  reducing  it  when  1te» 
increasing  it  when  it  does  not. 

P.  61.  Bending  Teds  for 

Specimens  of  medium  steel  cut  from  plates^: 
bend  cold  through  180  degrees  without  craddliit 
bent  portion,  as  follows:  For  material 
under  in  thickness,  flat  on  itself;  for  material 
an  inch  to  and  including  one  and  one-quarter 
around  a  pin  the  diameter  of  which  is  equal  to 
men;  and  for  material  over  one  and  one-quarter^ 
around  a  pin  the  diameter  of  which  is  equal  to 
test  specimen. 
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Angles  three-quarters  (^)  of  an  inch  and  less  m  thickness  shall  open 
flat,  and  angles  one-half  (^)  inch  and  less  in  thickness  shall  bend  shut, 
cold,  under  blows  of  a  hammer,  without  sign  of  a  fracture.  This  test 
shall  be  made  only  when  required  by  the  Inspector. 

Specimens  for  eye-bar  flats  shall  bend  cold  through  180  degrees  with-* 
out  cracking  on  the  outside  of  the  bent  portion  as  follows:  For  material 
three-quarters  {%)  of  an  inch  or  imder  in  thickness,  around  a  pin  the 
diameter  of  which  is  equal  to  the  thickness  of  the  specimen;  for  material 
over  three-quarters  (Ji)  of  an  inch  to  and  including  one  and  one-quarter 
(l}4)  inches  in  thickness,  around  a  pin  the  diameter  of  which  is  equal  to 
twice  the  thickness  of  the  specimen;  and  for  material  over  one  and  one- 
quarter  (IM)  inches  in  thickness,  aroimd  a  pin  the  diameter  of  which 
is  equal  to  three  times  the  thickness  of  the  specimen. 

Test  specimens  of  pins,  rollers,  and  other  bars  of  medium  steel  shall 
bend  cold  through  180  degrees  aroimd  a  one-inch  pin  without  cracking 
on  the  outside  of  the  bent  portion. 

Test  specimens  of  rivet  steel  shall  bend  cold  through  180  degrees  flat 
on  themselves  without  cracking  on  the  outside  of  the  bent  portion,  and 
nickel  steel  specimens,  bent  180  degrees  around  a  pin  the  diameter  of  which 
is  the  same  as  that  of  the  specimen,  shall  not  break  with  an  abrupt,  square 
fractiu^,  but  shall  show  a  gradual  break  and  a  fine,  silky,  homogeneous 
fracture. 

Test  specimens  of  machinery  steel  and  forged  steel  shall  bend  cold 
through  180  degrees  aroimd  a  one-inch  pin  without  cracking  on  the  out- 
side of  the  bent  portion. 

Test' specimens  for  cast  steel  shall  bend  cold  through  90  degrees  around 
a  one-inch  pin  without  cracking  on  the  outside  of  the  bent  portion. 

P.  62.  Drifting  Testa  for  Steel 

Medium  steel  shall  be  so  ductile  that  the  drifting  of  rivet  holes,  punched 
within  two  (2)  inches  of  a  sheared  edge,  till  their  diameters  are  increased 
fifty  (50)  per  cent,  shall  not  crack  the  metal.  Machinery  steel  shall  not 
crack,  when  similarly  tested,  till  the  rivet  hole  is  increased  twenty-five 
(25)  per  cent  in  diameter. 

P.  63.  Fracture  of  Steel 

All  carbon  steel  broken  test  pieces  of  rolled  material  and  all  broken 
eye-bars  must  show  a  silky  fracture  of  uniform  color.  Cast  steel  may 
show  a  fine  granular  fracture. 

P,  64.  Tests  of  Full-Sized  Eye-Bars 

Full-sized  eye-bars  may  be  tested  to  destruction,  provided  notice  be 
given  in  advance  of  the  number  and  size  required  for  this  purpose,  so 
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that  the  material  may  be  roiled  at  the  same  time  as  that  required  for  the 
structure.  The  number  of  tests  of  full-sized  eye-bars  will  depend  upon 
the  size  of  the  order  and  upon  the  regularity  of  the  results  of  the  test& 
In  general,  for  small  orders,  the  number  of  tests  shall  be  about  three  (3) 
per  cent  of  the  number  of  eye-bars  in  the  order,  but  never  less  than  two 
(2)  bars  for  an  order  for  a  single  span.  For  large  orders  the  number  of 
tests  shall  be  about  two  (2)  per  cent  of  the  number  of  eye-bars  in  the  order. 
Should  the  Inspector  find  the  bars  to  be  very  uniform  in  strength,  elas- 
ticity, and  ductility,  and  fully  up  to  the  specifications,  he  shall  be  at 
liberty  to  reduce  the  number  of  tests  of  full-sized  bars.  In  the  case  of 
testing  long  bars,  it  will  be  allowable  to  choose  a  bar  at  random  fnnn  a 
number  of  finished  bars,  cut  it  in  two,  and  upset  the  end  of  each  piece, 
thus  making  two  test-bars. 

Full-sized  bars  of  medium  carbon  steel  must  show  an  ultimate  tensile 
strength  of  at  least  fifty-six  thousand  (56,000)  pounds  per  square  inch. 
The  elongation  shall  not  be  less  than  fourteen  (14)  per  cent  in  a  gauged 
length  of  ten  (10)  feet;  and  the  elastic  limit  shall  not  be  less  than  fifty 
(50)  per  cent  of  the  ultimate  strength  of  the  bar.  Any  lot  of  steel  bars 
which  meets  the  preceding  requirements  shall  be  accepted,  if  none  of  the 
bars  which  break  in  the  eye  show  an  ultimate  strength,  elastic  limit,  or 
elongation  less  than  that  specified  for  the  body  of  the  bar,  unless  one- 
fourth  {}/Q  of  the  full-sized  samples  so  tested  break  in  the  eye.  In  case 
of  failure  to  meet  any  of  these  requirements,  the  lot  from  which  the  sample 
bars  were  taken  shall  be  rejected.  All  full-sized  sample  bars  which  break 
at  less  than  the  ultimate  strength  specified,  or  which  do  not  otherwise 
fill  the  specifications,  shall  be  at  the  expense  of  the  Contractor;  unless,  in 
case  of  those  that  break  in  the  eye,  he  shall  have  made  objection  in  writ- 
ing to  the  form  or  dimensions  of  the  heads  before  manufacturing  the 
eye-bars.  All  others  shall  l>e  paid  for  by  the  Purchaser  at  the  contract 
price  of  finished  metalwork  on  cars  at  shops,  less  the  scrap  value  of  the 
broken  bars. 

P.  65.  Tests  of  FuU-Sized  BuiU  Members  or  Details 

In  addition  to  the  specimen  tests  and  eye-bar  tests  hereinbefore  de- 
scribed, the  Contractor  may  be  required  to  make,  at  his  own  expense, 
imder  the  direction  of  the  Engineers  or  of  their  Inspector,  any  tests  of  full- 
sized  members  or  details  that  the  Engineers  may  prescribe,  provided  that 
the  said  members  or  details  are  similar  to  those  used  on  the  work,  and 
provided  that  the  total  cost  to  the  Contractor  of  such  extra  tests  does 
not  exceed  one-quarter  (}^i)  of  one  per  cent  of  the  total  contract  price 
of  the  work. 

P.  66.  Finish  of  Rolled  Steel 

All  finished  steel  as  it  comes  from  the  rolls  shall  be  free  from  seamSy 
cracks,  and  flaws  of  all  kinds,  and  shall  be  smooth  and  clean  in  finish. 
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P.  67.  Plates 

Plates  rolled  on  the  universal  mill  may  be  made  from  slab  ingots,  but 
all  other  plates  shall  be  formed  from  slabs  made  by  rolling  an  ingot  and 
cutting  ofif  the  scrap.  The  ingot  shall  have  at  least  twice  the  cross- 
sectional  area  of  the  slabs  made  from  it,  and  the  slabs  shaiU  be  at  least 
six  times  as  thick  as  the  plates  made  from  thenx. 

P.  68.  Fcrgings 

Forgings  shall  be  free  from  cracks,  flaws,  seams,  or  other  injurious 
imperfections,  shall  conform  to  the  dimensions  shown  on  the  drawings, 
and  shall  be  made  and  finished  in  a  workmanlike  manner.  All  forgings 
shall  be  annealed.    No  forging  shall  be  done  at  less  than  red  heat. 

P.  69.  Steel  Castings 

Steel  castings  shall  be  free  from  injmious  blow-holes,  true  to  pattern, 
and  of  workmanlike  finish,  all  comers  being  properly  filleted.  All  steel 
castings  shall  be  thoroughly  annealed,  sufficient  time  being  taken  to  ensure 
annealing  throughout. 

When  the  bearing  surface  of  any  steel  casting  is  finished,  there  shall 
be  no  blow-holes  visible  exceeding  one  (1)  inch  in  either  dimension,  nor 
exceeding  one-half  {}/Q  square  inch  in  area.  The  length  of  blow-holes 
cut  by  any  straight  line  laid  in  any  direction  shall  never  exceed  one  inch 
in  any  one  foot. 

The  correction  of  defects  in  castings  by  welding  electrically,  by  thermiti 
or  by  similar  processes  will  not  be  permitted. 

P.  70.  Iron  Castings 

Ebccept  where  chilled  iron  is  specified,  all  iron  castings  shall  be  of 
tough  gray  iron,  with  not  more  than  0.10  per  cent  sulphur.  They  shall 
be  true  to  pattern,  out  of  wind,  and  free  from  flaws  and  excessive  shrink- 
age. They  shall  be  substantially  of  the  thicknesses  required  by  the  plans, 
and  they  shall  have  sharp  and  clean  angles,  lines,  and  mouldings  and 
filleted  comers. 

Tests  shall  be  made  on  a  roimd  bar  one  and  one-quarter  (IJi)  u^ch 
in  diameter  and  15  inches  long.  The  transverse  test  shall  be  made  on  a 
length  of  12  inches  with  a  load  at  the  middle.  The  minimum  breaking 
load  so  applied  shall  be  2,900  pounds,  with  deflection  of  at  least  one-tenth 
(Yio)  inch  before  rupture. 

P.  71.  Bronze  Bushings 

For  low-unit  p^  /3sures  on  journal  bearings  and  where  the  speed  is 
high,  all  bushingf  sheiJ  be  composed  of  phosphor  bronze  of  the  following 
coDQpoBition: 
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For  high  unit  preesures  on  journal  besiioiil 
loW|  and  for  centre  disks  of  centre-bearing  ^ 
shall  be  of  the  following  oompositi<m: 

Copper ;.,,f 

Tin . . . . ,  '^^^^ 

Phosphorus ,...•..  *^^ 

The  amount  of  tin  shall  not  be  less  tiian 
more  than  fifteen  (15)  per  cent.    The  amount 
be  less  than  seven-tenths  (Jio)  per  cent  nor  more  ""     "^" 
amount  of  ingredients  other  than  copper,  tin,  anSili 
exceed  one-half  (J^)  of  one  per  cent.  -^flU, 

The  approximate  physical  results  from  this 
with  an  area  of  one  (1)  square  inch  and  one  (I) 

Compression  ;:* 

Elastic  limit  in  pounds  per  square  inch. . .'  i  ..^;^ " 
Permanent  set  in  inches  from  a  load  of  1^ 
poimds  per  square  inch ^.^  '^^ 
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P.  72.  BabbiM  Metal 

Babbitt  metal  shall  have  the  following  composition: 

Tin,  two  (2)  parts;  zinc,  one  (1)  part;  and  to  this  must  be  added 

antimony  to  the  amount  of  five  (5)  per  cent  of  the  total  weight  of  the 

tin  and  zinc. 

P.  73.  Pins  and  Shafts 

Pins  and  shafts  up  to  four  (4)  inches  in  diameter,  unless  otherwise 
specified,  may  be  rolled;  those  of  greater  diameter  shall  be  forged.  The 
rounds  from  which  the  pins  and  shafts  are  to  be  turned  must  be  true, 
straight,  and  free  from  all  injurious  fiaws  or  cracks.  All  forged  pins  and 
shafts  shall  be  reduced  to  size  from  a  single  bloom  or  ingot  imtil  perfect 
homogeneity  is  secured  throughout  the  whole  mass.  The  blooms  or  ingots 
shall  have  at  least  three  times  the  cross-sectional  area  of  the  finished  pins 
or  shafts  made  from  them.  No  forging  shall  be  done  at  less  than  red 
heat. 

All  pins  and  shafts  shall  be  tiuned  accurately  to  a  gauge,  and  shall 
be  finished  perfectly  roimd,  smooth,  and  straight.  All  pins  up  to  six  (6) 
inches  in  diameter  shall  fit  the  pin  holes  within  one-fiftieth  (/so)  of  an 
inch;  and  all  pins  over  six  (6)  inches  in  diameter  shall  fit  their  holes  within 
one-thirty-second  C/^)  of  an  inch. 

The  Contractor  shall  provide  a  suflScient  number  of  pilot  nuts  for  each 
size  of  pin  to  preserve  the  threads  while  the  pins  are  being  driven. 

P.  74.  Reinforcing  Bars 

All  bars  for  reinforcing  shall  be  deformed  bars  having  lugs,  corruga- 
tions, or  other  deformations  which  present  to  the  concrete  a  positive 
shoulder  having  an  angle  of  not  less  than  forty-five  (45)  degrees  with  the 
axis  of  the  bar.  Bars  with  deep  corrugations  liable  to  form  air-pockets  or 
with  deformations  having  a  wedging  action  tending  to  split  the  concrete 
will  not  be  accepted.  All  reinforcing  material  shall  be  rolled  from  billets 
and  shall  be  of  medium  steel,  uniform  in  character,  and  manufactured  by 
the  open-hearth  process.  Any  attempt  to  substitute  steel  manufactured 
by  the  Bessemer  process,  or  from  old  steel  rails,  will  be  considered  a  vio- 
lation of  the  contract  and  adequate  reason  for  its  cancellation.  All  fin- 
ished material  as  it  comes  from  the  mills  shall  be  free  from  all  flaws, 
cracks,  or  other  defects,  and  must  have  a  clean  finish. 

P.  75.  Permissible  Variations  in  Weight  and  Gauge 

The  cross-section  or  weight  of  each  piece  of  steel  shall  not  vary  more 
than  2.5  per  cent  from  that  specified,  except  in  the  case  of  sheared  plates, 
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P.  76.  iSAeared  Edgm  "'    ^ 

All  sheared  and  hot-cut  edges  shall  have  M% 
()^)  inch  of  metal  removed  by  planing  to  a 
Lacing-barS;  fillers,  stay-plates,  lateral-bracing 
and  bottom  edges  of  plate-girder  webs  only 
requirement.    No  sharp  or  unfilleted  re-entrai^ 
anywhere  in  the  work. 
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P.  79.  AfmeaUng 
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Ib  all  oases  where  a  steel  piece,  in  whi<^  the  full  stroigth  is  reqjAi^^ 
been  partial^  heated  or  bent,  the  whole  piece  must  be  sdbSecideQtly 

^Ikmealed.    In  pieces  id  Secondary  importance  where  the  bendiog  is 
said  bending  iis  to  be  done  bold,  and  ho  atmealing  in  such  cases 

be  called  for.    Crimped  web-stiffei^ers  will  hot  need  annealing. 
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P.  80.  BwetHolea 


Bivet  holes  must  be  accurately  spaced;  the  use  of  drift  pin^  will  be 

^wed  OD^  for  bringing  together  the  several  parts  forming  a  meobber, 

tbqr  mu^  not  be  driven  with  such  force  as  to  distort  the  metal  about 

bo^    The  distance  between  the  edge  of  aiqr  piece  and  the  ecaitn^ 

if  Ik  livet'bple  must  never  be  less  than  one  and  a  hidf  (IH)  inches,  tt« 

for  lattice  bars,  small  an^^,  and  where  eeqpedally  shown  cXbiea^ 

on  tbe  Engineers'  drawings;  and  wherever  practicable  this  distance 

aVleast  twice  the  diameter  of  the  rivet 
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P.  81.  RiveU 


Bilrcfts  when  driven  must  completely  fill  the  holes,  and  must  hlkV9 
ltil>heads  ecinoeiitrie  with  the  rivet  holes.    Shop  rivets  must  be  drivep^ 
[^ilMMDemr  praeticable,  by  ft  machine  capable  of  retaining  the  applied  prea* 
lifted  the  upsetting  is  completed.    Elsewhere  the  pneumatic  hammer 
be  used  if  possible.  ^  The  rivet  heads  must  be  full  and  neatly  fin?- 
of  a{)|H*oved  hemispherical  shape,  in  full  contact  witii  the  suifaci^ 
Jipllilt^r^  so  required,  and  of  a  uniform  sise  for  the  same 

j|^elB  ihioughout  the  work;  and  they  must  pinch  the  connect^ 
ihoiottghly  together.    Flattened  heads  may  be  used  in  orartain 
#IMiMi8saiy  f<Nr  clearance.    Except  where  shown  otherwise  on  the 
plJiS  xivet  diameters  are  to  be  seven-eighths  (^)  of  an  inch. 
JR^iorf ect  rivets  will  be  allowed  to  remain  in  any  part  of  the 


'V^-' 


J-^-^^>tr 


?^tS-^ 


havea  grip  exceeding  four  (4)  inches  they  are  to  be  tapered? 
total  taper  varsring  from  onensixteenth  (}{%)  to  three-six- 
inch  according  to  the  length  of  grip.  All  long  rivets  are 
cooled  slightly  by  dipping  them  in  water. 
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P.  88.  Ait^ 
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il^  intended  to  be  needy  and  &iey 
WEtemth  (/ie)  inch  greater  thaii  that  ol 

All  the  pieces  to  be  riveted  together 
together  before  the  reaming  is  done;  for 
punching  and  reaming  are  to  insure  the  eoiiili^ 
the  avoidance  of  holes  of  ezcesrive  diameteTi  as 
if  not  ally  of  the  incipient  cracks  started  \f3  tbst 
is  to  be  done  by  means  of  twist-driUsi  ttie  use  ol 
prohibited  except   where  twist-reamers  casBot  *  \m 
must  be  at  right  angles  to  surface  of  memiiery 
edges  of  holes  imder  heads  must  be  sl^tly 
are  driven.    All  holes  for  field  rivetSi  esceptlDg^ 
sway-bracing,  when  not  drilled  to  an  ircm  teihiflcNii 
the  connecting  parts  are  temporarily  assembled*    ^  '^  ^ 

Punching  shall  not  be  permitted  in  any 
of  the  metal  exceeds  the  diameter  of  the  ooid 
but  all  such  pieces  shall  be  drilled. 

Holes  in  lattice  bars  and  batten  plates  may  be 

All  pimcbed  work  shall  be  so  accurately  dooi 
component  pieces  are  assembled  and  before  the 
forty  (40)  per  cent  of  the  holes  can  be  entered 
eter  one-sixteenth  (/le)  of  an  inch  less  than 


^.  J.;-: 


y^ 


wm^: 


^-.t 


M^J)- 


Y'*^' 


*  Replace  by  Contractor  if  the  Manufacturer  ereets. 
t  Replace  by  Ae  if  the  Manufacturer  erects. 


■i  y. 


ni 


fmmm0^-: 


np  to  tUi 


the 


f  i  i 


<    -  -  1  ■  r,<" » 

•-»        -■  .■■.■..-  ■        •  ."V  ■ '  il •<»',, 

YfhBtmet  practioable,  wtMng  inaat  be^  dntt  «fttf  ibH  tiMl 
tii&%bh^^Utt!ltiBa^  ibe  iiDiid  liirMs  to^ 

ptaHi^  tOliike  tile  pi0c«^ 
^;^^^  80  nHurfeed  tlnit  thesr  a^ 

'  All  irhteMd  tnMw  Aid  jaU  ti:^^ 
ittd #IHMd 4^r i^imed b  ;    '*^! 

M  il|)8oieid  1X1^        shaB  be  put  together  in  the  shop,  ftad  I9ie  fielS 
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are  hi  iflaoe.    All  4>lieed  choid  seetioiis  6r  cditaiiie  p^iri^ 
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irttk  spUoe  plates  in  place,  the  field  rivet  holes  shallbe 

Jt^lMokd  iskiig^l^^  and  the  assembled  pajcts  with  thdff  spUoepliKl^ 

bi^  tealcft^^        80  that  th^  may  be  reasiemlded  in  the  fl^ 

lieid  odnneeticms  in  the  floor  qrst^a  must  be  reamted  to  a  fit  eitibe^ 
a^niberB  are  assembled  in  the  shop,  or  by  uong  an  a<»(waie 
templet  not  less  than  one  inch  thick. 


P.  85.  Marking  and  Match-Marking 
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P.  86.  Milling  Beams  and  Stringers 

must  be  milled  on  both  ends  to  correct  length  after 
m  angles  are  in  place,  and  the  said  end  connection  angles 
^teiy  fitted  that  not  more  than  oneHsixteenth  (%6)  <4  mi 
off  them  at  their  roots.  The  abutting  ends  of  canti-* 
be  miUed  in  the  same  manner. 
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v^  ^Clie  ends  of  all  webe  and  of  diotd  ot^flMMi' 
ollwf  webs  must  be  faced  tnie  and  eq^iH^,^^ 
^>  stiffattaw  must  be  jplaoed  peifeetbr  iliiii 

most  be  pfaetieally  flush  with  the  said  an|^« 
^iK^  outside  of  saAie  at  the  bearings.    All 
<biving  fit  at  both  upper  and  lower  flangBa.of 
1^  allowed  to  i»cqect  b^ood  the  flange  smlp 
QQeNeii^tii  (H)  of  an  indi  from  faces  of  spne.  /^ 
AH  filling  and  splice  plates  in  riveted  wef|(^ 
th0  flanges  suffidently  close  to  be  sealed  by  tbii 
mon  of  water;  but  they  need  not  be  tool  fii|MI^ 
dicated  dther  on  the  drawings  or  in  the 
wdb  plates  must  be  faced  so  as  to  provide  elp^i 
entire  depth,  unless  special  written  permissioii  W 

P.  88.  LimUa  of  Error  in 


No  piece  having  an  error  of  one- 
tween  centres  of  pin-hoIeS|  or  one-fiftieth  (%q)'  of  ^ 
eter  of  the  pin  or  its  hole,  will  be  accepted. 

P.  89.  CaniMT 

Truss  spans  shall  be  cambered  as  noted  on  the 
spans  need  not  be  cambered. 

P.  90.  Correction  of  Secondary 

The  secondary  stresses  in  riveted  trusses  are  to 
ening  and  shortening  the  various  truss  m^ 
respective  shortening  and  lengthening  under 
live-plus-impact  load,  drilling  or  reaming  the  chord 
are  assembled  in  straight  lines,  then  forcing  the 
proper  positions  for  connection  to  each  otiiar 
the  holes  in  the  joints. 


■'-^'li^,^ 
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P.  9L  J?f^JBiir9 

ISyeepit  iilrlite  oMe  of  loap-qre%  o6  wcild  will  te  atlowidd  in  Umi  ^IMbr 
cif  tbe  f^y»-bfur*  Tlie  lieAdB  of  tbe  qre-bars  shall  be  mftdo  by  tQw^al^ 
foDiiKib  <Mr  f cnrgiog  into  shape.  •  A  variation  firooi  the  qieeified  dimeoflioiui 
'^jOieheads'wiU  be  allowed  in  tbickneBB  of  one-tiurtyHaeeond  (%i^.^ 
|M  jNuih  belov  and  one-oxteenUi  (/is)  of  an  inch  above  that  ipecified^  wbA 
Igfi,  ^is^MSix^Ax  irf  onepf ourth  (^  of  an  inch  in  either  direction.  %»*^aii 
joaust  be  perfectly  straight  before  boring. 


r*  ♦'-■» 


kfl^ 
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•%'f 


P.  92.  Ptn^HoUe 

'A. 

ids  pin-hdes  must  be  bored  truly  parallel  and  at  ri^t  aii|j^  to  ii§ 
of  the  mamberi  unless  otherwise  shown  on  the  drawings;   andJiiL 
not  adjustable  for  length,  no  variation  of  more  than  one-thirty- 
(^»)  <^  sn  hich  will  be  allowed  in  length  between  centrei|  ot 

Jm.  :    \  \ 

K  ■ 

•/•-■.■ 

p.  98.  Turned  BoUs 

IShecL  members  are  connected  by  bolts  which  transmit  shearingHBfarassalb 
boleB  must  be  reamed  parallel,  and  the  bolts  must  be  turned  to  a  diiv- 
fit..  Hie  threaded  portions  of  turned  bolts  ehsSl  be  pne-eighth  (J^  ol 

Mcii  less  in  diameter  at  root  of  thread  than  the  body  of  the  bolt. 


'V 
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Pi  94..  Tumbuekks,  NtOa,  ThreadB,  andWaahen 


•1  ■» 


^n 


i-jf*.  •'.■**. 


Afi  deeveHCjLuts,  tumbuckles,  and  clevises  must  be  made  so  strong  isod 
^lilt  th^  frill  be  able  to  resist  without  rupture  the  ultimate  pull  of 
which  they  connect,  and  without  distorticm  the  greatei^ 
moment  to  which  th^  could  ever  be  subjected.  They  must  be 
so  Hiat  the  threaded  lengths  of  the  rods  engaged  can  be  verified, 
^fie  ^Bustiiricais  of  all  square  and  hexagonal  nuts,  except  those  <m  the 
nl  imiy  dial}  be  such  as  to  develop  the  fiiU  strength  of  the  body  of 
member.  No  round-headed  bolts  will  be  allowed  unless 
iib^Mted  on  the  drawings. 
WfH/toSa  must  be  used  under  the  heads  qf  all  timber  bolts  when  Ae 
is  etii  the  wood,  and  all  washers  and  nuts  must  have  uniform 
-AS  washers  are  to  be  made  of  malleable  iron  of  good  qualityi 
be  sufficiently  large  and  thick  to  provide  properly- for 
pressure  due  to  the  greatest  allowable  tension  in  the  hfM 
the  washer.  Th^  must  be  finished  in  a  neat  and  workr 
aod  must  be  free  from  all  defects. 
0tciept  those  on  the  ends  of  pins,  must  be  of  the  United 
iSadi  adjustable  nut  must  be  provided  with  an  effective 
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di^  by  bdtt  art  k  &  soUui^^ 
{ax4>oI^^  the  CosQtrai^ 
tidlte  to  ]^boe  ^vHih 
<  8(rft  rted  tHitib  tJiu 
431  tlie  mits  for  all  anchor  boUs  ahaU  be  ecim^  j^ 
«t«r  of  the  bolt.    Anchor  hci^  aie  not  Jopl 
but  the  ej^Kiised  porUons  thereofi  after  efeo^iot, 
if 'paint  i^ien  the  other  metalwoiic  is  pa&l^'( 


•a:>^l.;,  4- 


P.  07.  8ted  Hmid^^ 


Hand-railsy*  as  shown  on  the  aeeonpoqi^ 
niahed  by  the  Manobctarer  of  the  MetdwlHK 
Contraetor  for  Erection,    Thej  are  to  be  laid  lup^ 
line  and  elevation  from  end  to  end  of  structured 
vided  are  to  be  made  perfectly  operative*    Ttig^ 
be  finished  to  the  satisfaction  of  the  Engineers. 


eflr^j 


»t*^!>/ 


P.  98.  Name-Plaies,  Pateni-Pkaea^  d^ 

Name-plates,  patent-plates,  and  year-plates  of 
by  the  Engineers  shall  be  furnished  and  attached 
and  in  the  manner  required  by  the  EIngineere. 
boa  or  bnmze,  as  specified  on  the  drawings. 

I.  99.  Sted  Tapes 

The  Contractor  who  furnishes  the  metalwork 
the  execution  of  his  contract,  furnish  the  Purchase^! 

steel  tape  fifty  (50)  feet  long,  and  another .i^. 

Jong,  both  guaranteed  to  agree  exactly  with  thei 
manufacturer  of  the  metalwork. 

*  Omit  portion  in  bold  face  type  if  the  Manufacturer^ 


^.''ii 


,< 


..  .i  ^''' 


fe>i*> 


ihaB  be  made  of  easi  rteel;  idl  MHed  ^uilM^^i^^^ 
of  maohtebefgr  irt^  wd  att  foq^ifl^r^^^d 

]iia«UiMy  AhiO^       a^ldiMd  And  madbfaed  Moor^^  «(^<  iiii^^ 
Ami  waetiiie  aad  to  tiie^  wliBliMlloiB  of  the  Ebafaiittrtfr 'aild'^^ 
of  aecunusrjr  wfaidi  fiie  Ck»ria«iet;»  dorii^ 

OQ  tfa9  Contfactor's  worldxig  drawiagii  but  liie  ^>piofai  of'^  .  :| 

vdl^lSr  tiboEiigteeen  '-,-% 

OxaHgr  lor  tlte  ^atia&Mtoiy  <M)D»tmctloii  and  operataoioi  of ^^  ^ 

-  All  inHBhiiiiffy  Aall  be  satasfactory  to  the  EoipiieeiBi  anil  ^  :! 


ahalt  luRiiflh  the  Flirohaser  with  a  guarantee  (satiaf aetoiy  w 
Plirdiaaer}  to  lephe^  free  ctf  diaige,  f.  o.  b.  can  at  the  t^S^msj^iU^ 
neaiest  the  bridge  site  (to  be  deedgnated  by  the  Purchaser)  ao^r  anil 
lpai#  whick  my  fail  ^  otherwise  prove  to  be  defective  wfthia  one 
fit  the  dito^OfitWhidi  the  bridge  18  put  in  service.  >    v,,i^ 

Aould  be  found  tiiat  the  Manufacturer  hae  varied  from  the  Engl- 
yliyae  iNRHJxiut  from  them  special  Writteii  penidssion'til  ^ 

if  sttdi  variation  shouldi  within  the  said  (Hie  year,  cause  ally 
cr  acdklenti  the  Contractor  not  only  will  be  required  to  ie^ 
#i^  daaoDiIgs  to  tile  machinery  but  also  wiU  be  held  pecuniarilty  M^ 
to  thePurohasar  for  all  expense  to  the  latter  due  to  such  failuiy^ 
CSiatiairtai  have  aiQr  objection  to  any  features  of  the  machineiy, 
he  nmst  state  his  objection  immediately  in  writing  to  the 
bef oine  any  parte  are  manufactured;   otherwise  his  objectaons 
IpKlipedi  if  offered  as  excuse  for  defective  or  broken  machinery. 
-fiMSHC^  the  machinery  in  contact  with  othar  parte  or  witii  ite 
be  mabhined  so  as  to  provide  true  bearing;  and  all  sur^ 
la  lotating  or  sliding  contact  with  other  surf  aces  shall  be  finished 
'^AaMusdons  and  polished.    AU  bearings  shall  be  provided  with 
^Aiii^  iitiflfactoiy  to  the  Engineers.    AU  bronse  bushings  shall  be 
iifd  BCtaped  to  a  true  fit  on  the  journals.    Othar  suifaoes 
up  a  neat  and  workmanlike  condition,  but  need  not  be  ma- 
iake  of  aiqpearanoe.    All  bearings  shall  be  atteched  to  their 
ilifiied  bolte'of  the  same  diameters  as  the  holes,  and  dowria 
lihe  Engineers  require  them. 

be  properly  cleaned;  and  all  fins,  seams,'  and  othfic 
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¥^It^- 


^^Li.'^ 
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|iImq0  ivliM^  wa^  18  ffloBljr  to 

iijiiitt^^  thieaded  ixitfite^  jBJKi 

iMfi  iMnrd*    Tootfiad  ffwriyMyoti  loniiiBC  tiia^^MdE 
ind  Mitieular  eaie  shall  be  takeii  to  inalBi.  Itei< 
t^  ha'pe  tlie  pitdi  of  the  tee&  aacui^ 

'^'jtfBitK^  *^iaayj^^w»    A^^wrf%r    ^#^    va^5^    wp%#v4flt   i^Hiai^mfV)  'a^^^  '^'A^'wp^^^^^lijpjr 

IWribed  theteoQ.    The  raek  BBgrneoiii^  Mlt  ]bli^^^ 
tilQBe  of  the  traek  aa  to  have  ^betaotse  VmM 
miHk  tiie  inteh  line  of  the  raek.  .  -  ^.  y. 

All  loUeni  shall  be  turned  to  the  mtfB^ 
ahamferal    The  hubs  shall  be  aeeunMr  bofai: 

KvotHBtands  and  oeDitre  caatmgfi  of  sirinc  4pa|M| 
iflhed  and  fitted.    Special  care  must  be  Ukm^ 
ttviy  at  ri^t  angles  to  the  aada,  and  tamed  oiw^ 


'JSq 


f^^iki^^ 


,a.*S^'i 


eemtrio  witii  tiie  aads. 
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sL^ 


The  rollers,  tiacksi  drum,  and  prdeis  ov)^  #i|# 
aasembled  in  the  shop  before  shiptnent,  aH  botol 
the  sections  being  match-marked.    Every  loQsr 
on  both  the  upper  and  the  lower  tracks  during  a 
Bpasi.    Before  the  ass^nbling  of  the  rollers  is  doiEfeC^^ 
on  both  the  upper  and  the  lower  track  segmentaa 
eter,  which  circles  will  come  a  trifle  inside  of  the 
then,  after  the  turn-table  is  perfectly  adjwted,^  eadM 
where  these  circles  touch  it.    After  the  tumtaUtK 
roller  is  to  be  set  up  properly  in  a  lathe,  and  the 
be  chamfered  off  exactly  to  the  points  marked,  m, 
table  is  set  up  in  the  field,  if  the  exterior  of  each 
to  the  circles  on  the  two  tracks,  the  rollers  will  al|.|b# 
tions.    These  lines  on  the  tracks  will  serve  also 
rollers  whenever  the  turntable  is  to  be  adjusted.    >  -  '«,^,t 

Steel  discs  and  their  bearings  must  be  accuratQ|)i^ 
to  gauge,  and  must  be  oil-tempered.    After  hardi 
ately  ground  to  their  final  finish.    Steel  and 
have  their  sliding  surfaces  finished  to  a  high  _ 

All  journals  shall  be  turned  with  a  fillet  at  em^' 
called  for  on  the  drawings,  and  they  shall  have 
in  their  bearings.    All  hubs  of  wheels,  pull^y% 
bored  to  fit  close  on  the  shaft  or  axle.    If  the 
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je|Uf«<^^  txMred  cxmoeDtric  with  the  fit^mA^'  n>ii;f 

^^li^  and  diall  faaire  oBt  l«i^ 

iii^  16)^8^ of  tfe  iovtrfute  type  having  twenty  (20)  (bgi«»d)li^^ 
>Mlik|gB  AaII  be  bushed,  as  shown  in  the  dtawin^s.    All  pioionft  i^^ 
made  of  fc»ged  rteel  and  shall  have  their  teeth  eut  from  the  eolid  omMS^V 
^'  ^J^  j^Mieipti  pt^  of  the  machinery  on  the  movaUe  wpia'^:6d^^^ 
of  i||ie  rtraetunl  eteelworic  wUdi  sup        it  shall  be  aatepalilelfe 
#«fldkc|^  and  ail  hotai  for  connectiim  of  the  maehiaeiy  to  tilett6si«i^ 
flhaO  be  diiltod  wMle  the  parts  are  thus  assembled.    All  boite^^^^^l^^^^ 
the  various  parts  (rf  the  machmeTy  to  other  potto  oir  to  tifai' 
shaU  be  tamed  to  a  driving  fit  wherever  diiBar  may  oome  tqpoi 

BB*  '      '  ■  -•*' 


H 


>> 


P.  101.  Hand^Operating  Machinery 


in  addition  to  the  power  machinery  there  is  to  be,  as  shown  on 

cfafawhigBf  madhdnoy  that  will  operate  the  movable  span 
^^iliaii-power  in  case  of  any  break-down  of  the  other  machinery  or  o|r 
ftdmre  of  power. 

Machinsbt  FOR  Vertigal  Lift  Spans 

'1^.  102.  T<wer*Sheave  Bearing  CcnnecHo^ 

Saeb  pair  of  bearingB  shall  be  assembled,  aligned,  and  adjusted  to" 

rdatiye  poeiti<m  with  their  shafts  placed  in  them,  on  a  steel  plate 

jlSiitlWti  cttuMyiarter  Q4)  "m^  thick;  and  holes  shall  be  drilled  through 

iponding  to  the  holes  for  bolts  in  the  bearings.    The  plate 

[^ttMti'  be  placed  and  aligned  on  the  structural  sui^rtS — which  must 

ty  assembled — and  the  bolt  holes  drilled.    A  separate  plate 

'''W^^sgred  f or  each  pair  of  bearings;  and  it  shidl  notliie  lAorter 

'HiiftiA-  iengtii  of  the  shaft  nor  narrower  than  the  total  width  of 


i^  j' 


P.  103.  Indicator 


'M^0^. 


^^ill|fcinieal  indicator  for  the  movable  span  shall  be  placed  in  the 
K  «>d  80  arnuiged  as  to  give  the  opemtor  the  exact  locar 
liaovable  QMUi  at  any  time  during  the  operation. 
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Wm^inkrweight  and  Operating  Ropes  and  Their  AUadimenie 

l^ni  rope  shall  be  made  by  John  A.  Roebling's  Sons  Company^ 
lj9iu^  approved  by  the  Engineers, 

piiterweight  ropes  shall  be  made  of  plow  steel  wire  and 
f^  (6)  strands  of  nineteen  (19)  wires  each,  laid  around  a 


liT. 


be  laid  up  in  l^e  best  possible  manniea!  and 
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>|pi[  »o(  be  kM  titw  3.4  per  oettt 

||y  JPIi^plrtMliniU   8J38  WltDOCtt  nqjCIIRI 

diiiiBtflV  ill  liiAeB* 


'ifc^rf'^HjIffi- 


e   ?--.v^ 


.  .Vj-  t^' 


'i.4i  The  BAtmber  of  timeB  the  wbe  MH 
##»  ti|^  tnd  to  the  hft  orar  a  UMttMi 
tout  feseture  shall  be  not  len  thaa  «z  OS). 
fffWMAimiwJ  bender  so  oonstnicted  that  &e  IjllHl 
UKfius  of  tiie  jawB  and  is  sabjeoted  to  as  KMli 

E.    Each  rope  shally  if  pfacticab^  be 
strengthi  as  detennined  l^  the  tests 
less  than 


m^-'^^- 
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5,000  Ibe.  if  M"  diameter 

12,000  lbs.  if  H"  diameter 

21,000  Ibe.  if  W'  diameter 

34,000  lbs.  if  H"  diameter 

47,000  lbs.  If  H"  diameter 

63,000  lbs.  if  J4"  diametor 

81,000  lbs.  if  1"   diameter 
101,000  lbs.  if  IH"  diameter 
124,000  lbs.  if  IH"  diameter 

In  case  the  breaking  strength  of  the  rope  fall, 
above,  the  entire  length  from  which  the  test  piei|^ 
replaced  by  the  Manufacturer  with  a  new  lengthy  tnl 
ical  qualities  of  which  come  up  to  the  spedficatioilfc' 

F.    All  sockets  used  in  connection  with  th|i^ 
without  welds,  from  solid  steel,  if  it  is  posable  to 
where  this  cannot  be  done,  they  may  be  steel 
specific  written  permission  of  the  Engineers.    litj^^ 
sions  shall  be  such  that  no  part  under  tension 
65,000  pounds  per  square  inch  when  the  rope  ia 
strength  as  named  above.    The  sockets  must  beT 


t\  f,;  '  J* J. 


ftd  he  iiMed  m  fiDiiuc  tiie  cnkr*  flttftdbed  Uk  ib&x  €ibi]& 

be  no  dipping  of  tb^  tope  in  the  iMieket.    H  sBppiiig  AoiMtnt^ 
the  method  mnet  be  chai^j^ed  mMal^  (^      foiaid  idM^  tSfi^^ 
be  entite]y  avddedL    TUm  aodorta  theoou^^  ahaU  be  etrepgor  tl4^  1^^^^ 
fope  ivltk  ivhieh  tiiegf  aie  usecL    If  oee  ehoi^  break  diva^;  iiii^^lei^v    :^ 
tfio  <)ttMBm 4^1^      edecrted  MKlaMached  to  aaother  pmMK  ot^foffi     }] 
•tibe  ^tesl  leiieated.  and  this  fMcesB  diall  be  oontanued  until  the^  ia^       ? 
iaaaliiified  of  their  x^diatnlityi  in  whioh  case  the  lot  ahaU  be  90^  ■.    '*^ 
If,  hoir6(v«r,  10  pir  oeat  or  more  <rf  all  tiie  eodgets  tested  broak        : 
A  loid  Im  than  the  minimum  ultimate  strength  of  the  rope  giiraa  In       | 
Ef  them  the  esatire  lot  shall  be  rejected  and  new  onesy  n»de.ol 
lype  or  of  stronger  material,  shall  be  furnished* 
v^pbe  leogt^     each  rope  fit»n  inside  of  bearing  to  inside  of  bearing  pi 
jJAiiill  1^  dete^  and  a  metal  tag  having  the  said  Iiiipi^ 

tftean^da  lAall  be  securely  attached  to  the  said  rope.  ' 
WcihAsiBr  reserves  the  rig^t  to  test  eadi  wire  rope  oonneotioii, 
i^i^sdmmt  is  madei  up  to  oneJialf  (rf  the  ultimate  strdngtii  dC 
$giA  if  H  show  the  least  sign  of  weaknessi  it  shall  be  tej^eted 


\MlL^i. 
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fdbaU  provide  prop^  facilities  for  testing,  and  did 
ley  OWii  expense  all  the  tests  required.    All  tests  shall  be  made 
M  an  Inspector  who  represents  and  is  paid  by  the  Enpneevs. 
be  ddpped  on  reels  the  minimum  diameter  ci  which 
times  that  of  the  ropes,  and  they  shall  be  uncoiled  for  uae 
the  red. 

P.  105.  Rope  Dressing 

|ta  the  movable  span  is  ready  for  operation,  the  Erecting  Con- 

j^maidi  and  apply  to  all  ropes  two  coats  of  Whitmore's  No.  1 

manufactured  by  the  American  Specialty  Manufacturing 

of  CStevdand,  Ohio,  or  of  any  other  dressing  which  the  Eng^* 

The  dressing  shall  be  applied  to  the  satisfaction  of  the 
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I*  106.  Locking  Apparatus 

,  there  is  to  be  an  i^paratus  for  looking  thf 
l^lace  before  it  is  used  for  passage.    This  apparatua  ia 


H' 


V.A: 


iOMi^,'>at><ii\?^v,i.^^,v-  ■>. ' 


^ 


1     si 


JRJlOt 


i^^yf .  ^.T^ 


.t»'*i  ►'I' 


.^-C- 


..*ti_#-:^ 


r  I  '      *  >  I   "1 


MUgw  or  iOiiBa  jtMwWiw 

jiitfBB^  1iiB&  fdor  (^  lodiei  in  ifhitiifftrf 

^I^MBkr  thaa  four  (4)  indifli  in  ^GtafiMii^iil^ 

mBBBLm  ak  llfflWlinmiCW  wiul  tDBM  BDBnBflBBHBKr 

^jiAjhfw!  mibstaatialbr  to  tile  4>ttyi^ifa^ii^ 


"  ( 


Thoie  iboiild  be  {veseated  h^pce  n  ccrtpiet|j 
iragbti  or  else  a  lelereiiee  to  tiie  drnwiagl 
tiiere  in  detail.    The  method  of  detwidoJiig 
be  need  shall  be  given  as  wdl  as  the  method  o|i 
weii^t.    The  exact  balancing  of  the  sjiaa  shal^ 
to  be  used  shall  likewise  be  specified.  liw  ^f 
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The  counterweii^ts  shall  be  consbroetodi  ai 
ing  drawings,  of  steel  frames  surrounded  by 
tion  of  the  first  counterweight  is  begun  the 
of  concretei  not  less  than  ten  cubic  feet  in 
used  in  the  counterweights;  and  these  blocte^ 
carefully  measured  and  weighed,  to  determine  ap 
probable  weight  of  the  concrete  in  the  couni 
work,  both  subject  to  the  Engineers'  approval^ 
ample  strength  to  support  themselves  and  the 
struction;  or  else  the  coimterweights  shall  be  ho^ 
the  counterweight  frames,  which  shall  be 
cables  that  pass  over  the  main  sheaves  and 
Ck)unterweights  must  be  of  correct  wei^t  to 
Ck)ntractor  shall  adjust  and  correct  them  as 
faces  of  concrete  of  coimterweights  are  to  be 
fipecial  concrete  paint  to  be  specified  by  the 
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Electrical  Equipment'; 

P.  109.  Material  and  Workmanship 

In  the  electrical  machinery  the  material  and!^~" 
first  class  in  every  particular,  and  the  said 
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in  every  detail  and  device  necessary  for  the  perfect  operation  and  con- 
trol of  the  movable  span.  The  machinery  is  to  be  manufactm'ed  and 
erected  to  the  satisfaction,  of  the  Pm*chaser,  and  the  Contractor  must 
furnish  the  Purchaser  a  satisfactory  guarantee  to  replace,  free  of  charge, 
any  parts  which  may  fail  or  otherwise  prove  defective  within  a  period 
of  twelve  (12)  months  after  the  work  is  officially  accepted.  If  the  Con- 
tractor have  any  objections  to  any  features  of  the  electrical  equipment 
as  designed,  he  must  state  his  objections  immediately  in  writing  to  the 
Engineers;  otherwise  his  objections  will  be  ignored,  if  offered  as  excuse 
for  defective  or  broken  apparatus. 

I.  110.  Directrcwrrenl  Electric  Motors 

Direct-current  electric  motors  shall  be  employed  to  perform  the  various 
operations  necessary  to  open  and  close  the  movable  span.  Direct  cmrent 
at volts  nominal  pressure  shall  be  used.  Motors  of  the  size,  char- 
acter, and  make  specified  on  the  drawings,  or  equivalent  motors  accept- 
able to  the  Engineers,  shall  be  erected,  installed,  and  properly  connected 
with  the  machinery  and  with  the  controllers.  £^ch  motor  shall  be  ca- 
pable of  producing  the  maximum  starting  torques  and  the  normal  torques 
with  corresponding  speeds,  as  indicated  on  the  performance  curves  shown 
on  the  drawings.  They  shall  further  be  subjected  to  the  standard  test  of 
the  American  Institute  of  Electrical  Engineers,  viz.:  After  one-half  hour's 
run  at  the  rated  load  and  voltage  imder  normal  conditions  of  ventilation 
and  cooling,  the  temperature  of  any  part  of  the  motor  windings  shall 
not  exceed  by  more  than  fifty  (50)  degrees  Centigrade  that  of  the  sur- 
roimding  air,  if  the  said  temperature  of  the  surrounding  air  is  twenty-five 
(25)  d^rees  Centigrade.  The  permissible  rise  in  temperature  shall  be 
increased  or  decreased  one-half  of  one  per  cent  for  each  degree  Centigrade 
that  the  surrounding  air  is  less  than  or  greater  than  twenty-five  (25) 
degrees  Centigrade.  Duplicate  motors  shall  operate  at  substantially  the 
same  speed  under  the  same  load  and  voltage.  £^ch  motor  shall  be  tested 
by  the  Manufacturer  before  shipment,  and  shall  demonstrate  its  ability 
to  meet  the  above  requirements  for  temperature,  torque,  and  speed. 
They  shall  be  weatherproof,  and  shall  have  steel  frames,  ironclad  arma- 
tures, and  feet  extended  from  frames,  all  as  shown  on  the  drawings. 

The  Contractor  shall  furnish,  free  of  charge,  the  following  additional 
parts  for  each  size  of  motor,  viz. :  one  armature,  one  set  of  field  coils,  one 
set  of  carbon  brushes,  and  one  set  of  back  gears,  if  these  are  supplied  with 
the  motors.  All  these  parts  shall  be  fitted  and  furnished  in  such  a  man- 
ner that  they  may  be  installed  in  their  places  without  further  fitting  or 
adjustment. 

I.  111.  AUernating-cwrrent  Electric  Motors 

Alternating-current  electric  motors  shall  be  employed  to  perform  the 
various  operations  necessary  to  open  and  close  th**  Tiovable  span.    A 
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iiil  ^  fequiraneiite  fcnr  tottitie  iM 
Theif  iluiU  be  weatheiim^ 
from  tibe  frameB,  aU  ae  shown  on  Hie  dml»li<#ig^^y 

Hie  Ccmtimctor  shall  fumidi  free  ol 
parts  for  each  fdse  of  motcHTi  vis.:  (Ote#to 
of  motor  used  that  are  salleet  to  doalMdlfti^ 
the  inoidatfoii,  ete.).  "^^ 

I.  112.  ConiroUen  and 

fThere  shall  be  one type  eontraOet 

(macfafaiery)  house,  capable  of  goveming 

controller  shall  be  of  the type 

shall  be  so  arranged  and  wired  that  the  scdencHkt 
shaft  of  the  motor  will  be  released  on  the  first  pfUti 
the  motor  started  on  the  second  point  oi  the 
shall  be  equipped  with  magnetic  blow  out,  and,  if 
reversing  cylinder,  shall  be  so  interlocked  that  tlpl^ 
thrown  when  the  motor  is  taking  current. 

Suitable  resistance  of  ample  capacity  shall  be 
motor  can  be  started  and  operated  from  standstiH 
causing  injurious  sparking  at  the  commutators  of 
shock  or  jar  to  the  bridge.    All  resistances  shall  bO 
free  from  injurious  vibration  and  so  as  to  have  fre# 

(Add  similar  clauses  for  additional  motors,  if 
ployed,  as  for  end  lifts,  locks,  etc:) 

*  This  clause  as  written  assumes  that  there  is  one  motll^- 
operating  the  span.     If  there  be  more  than  one  motor  or 
ably  modified. 
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VIS  #iriilg  fttiii  a  iKHiroe  of  supply  not  more  than  one  hundred  (iOO) 
dhrtairt  from  eadi  end  (rf  the  movable  spani  toge^er  with  aH  itaiikth 
appiffatiiB  and  appmrtenanoesi  shall  he  fumidied  and  plaeed  fay  the 

mt  wfrinif  on  the  qMms  shall  be  double-braided,  rubber-oovered,  eppper 
cif  ittqiile  d^Mtdly  to  carry  the  currents  required  by*  the  motors  for 
iliQiii  1b^  to  (he  switchboard  with  drop  in  potential  not  to  exoeeit 
Cent^    No  wire  shall  be  less  than  No.  12  B.  A  S.  gauge.    T!h0 
]^  '^wui  without  injury  to  either  themselves  or  the  insttlit^ 
pipe  conduits  or  equivalent  conduits  acceptable  to  th6 
^IPbese  conduits  shall  have  as  few  bends  as  possible,  and  shaV 
c^ilmcted  to  all  apparatus  so  as  to  provide  a  weatherproof 
wires.    Each  feeder  shall  be  protected  by  a  pole  switch, 
arrester  mounted  on  a  non-combustible  |uid  nmi» 
base.    (For  alternating  currents  all  the  phase  wires 
In  doe  conduit.) 
^W^gnCAJ4  Lift  Span. — ^Running  vertically  on  the  towers  there 
^^^IM  trolley  wires  properly  fastened  to  and  insulated  from 
on  tile  drawings.    These  trolley  wires  shall  be  connected 
ol  Biqn>ly  by  300,000  cm.  double4)raided,  rubber-covered 
ct  nineteen  (19)  strands  of  tinned  copper  wire  of  not 
(98)  per  cent  conductivity.    Collectors  attached  t6 
qian  shall  engage  the  trolleys  for  the  full  movement 
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ipAN. — The  conductors  for  the  swing  span  shall  consist 
-iiibaqueous  cables  with  two  independent  (K»adut^icsn^> 
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tetalUc  caeiiigB* 

The  sabaqueoctt  cables  duA  be  ealtied 
0sed  qpan  to  the  piyot  pier  in  a  troiidi  to  M 
Bot  leee  thtoi  five  feet  deep  and  iSBed  ucp  aflor 

Bremer  return  drcuits  shall  be  provided  J^ 
«ri»g8p«itothegro««dciro«it.  !  .^^, 
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The  switchboard  shaU  be  of  first^uaUty  ala%, 
switches,  cut-outs,  fuses,  etc.,  th^iecm  may  bn 
and  operated  by  the  bridge  operator.    All 
tons  shall  have  suitable  name  plates  and 
accordance  with  their  purpose  and  use.    The 
on  a  substantial  iron  support  braced  to  the 

An  automatic  circuit  breaker  equal  in  qua|i^ 
I-T-E  Standard  and  of  ample  capacity  shall  be 
cuit  between  the  feeders  and  the  switchboard 
line  of  motors,  and  each  line  of  lighting,  signal, 
shall  be  protected  by  suitable  fuses  of  a  pattern 
neers.    Switches  of  the  quick-break,  railway  tgfipf 
each  feeder,  and  for  each  motor  circuit,  each 
circuit,  and  each  lighting  circuit,  also  for  bri^gl^ ;, 
lights.    An  indicating  wattmeter  and  a  voUmete9^ 
Electrical  Instrument  Company,  or  equivalent 
Engineers  and  of  the  capacity  called  for  on  the 
and  mounted  on  the  switchboard.    All  switdbtl 
essary  for  the  satisfactory  operation  of  the  di 
in  these  specifications  shall  be  furnished,  w! 
or  not,  and  bidders  will  submit  with  their 
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of  the  appurtenances  included.    One  set  of  extra  carbons  for  each  kind 
of  circuit  breaker  and  ten  extra  fuses  of  each  kind  used  shall  be  furnished. 
All  switches,  circuit  breakers,  and  other  appurtenances  shall  have 
ample  capacity  for  the  greatest  current  the  motors  may  use. 

P.  115.  Grounds 

All  ground  connections  to  the  structure  shall  be  made  with  proper 
soldered  terminals  secured  to  a  copper  plate  of  ample  area  fastened  to  the 
return  street  railway  circuits.  Care  shall  be  taken  to  locate  the  connec- 
tions so  that  there  shall  be  ample  metal  and  proper  circuits  to  return 
the  current  without  damage  to  the  structure.  Ground  trolleys,  similar 
to  the  feeder  trolley,  shall  be  placed  at  both  ends  of  the  fixed  structure. 
They  shall  have  ample  groxmd-connection  separate  from  the  structure. 

P.  116.  Solenoid  Brake 

Each  motor  shall  be  supplied  with  a  standard  solenoid  brake  of  the 
same  manufacture  as  the  motor,  mounted  on  the  armature  shaft  and 
supported  on  the  steel  work.  The  brake  shall  be  released  on  the  first 
point  of  the  controller  and  applied  when  the  current  is  turned  oflf,  the 
motor  being  started  on  the  second  point  of  the  controller.  The  brake  shall 
be  of  ample  capacity  to  brake  the  motor  eflSciently.  One  (1)  extra  spool, 
two  (2)  extra  shoes,  and  six  (6)  extra  springs  for  the  solenoid  brake  shall 
be  furnished. 

P.  117.  Ldmit  Switches 

Suitable  limit  switches  shall  be  suppUed  and  shall  be  so  arranged  that 
the  electric  current  will  be  automatically  cut  off  and  so  that  the  solenoid 
brake  will  be  applied  to  the  motor  governed  by  it,  when  the  movable 
span  approaches  either  limit  of  its  motion.  The  limit  switch  shall  be 
so  constructed  that  the  point  of  cut-off  shall  be  positive  but  adjustable 
by  the  operator.  A  suitable  short-circuiting  spring  switch  shall  be  fur- 
nished and  placed  convenient  to  the  operator,  so  that  power  may  be 
supplied  to  the  motor  after  the  limit  switches  have  operated. 

V,  118.  Service  Lights  and  Roadway  Lights 

Wherever  a  movable  span  is  employed,  it  is  necessary  to  provide  ser- 
vice lights  in  the  machinery  house,  operator's  house,  gate  tenders'  houses, 
and  stairs,  and  at  other  points  on  the  span  where  machinery  or  walk- 
ways to  the  machinery  are  to  be  found.  The  current  for  the  service 
lighting  sjrstem  is  generally  taken  from  the  feeders  for  the  operating 
machinery.  Where  highway  traffic  crosses  a  structure,  roadway  lights 
are  generally  used.  This  is  invariably  the  case  on  city  bridges.  Either 
one  or  both  of  these  lighting  systems  may  be  required,  depending  on  the 
nature  of  the  structure;    and  this  clause  must  be  written  with  that  in 
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>)jr Hfiie  duA  be  {daoed  in  eiiak 
ikten  (16)  <Hp.  Uf^is  diqxiMd  tboot^ 
and  thflie  ihall  be  plaoed  tot  (10)  flbrt!p|il 
M&mff  tile  outflide  madiiiianr  and  et  rtiif 
tile  Ii^ts  <xi  tine  stairs  to  be  oontroUecl  by 
wriU  as  cm  tiie  switchboanl.  ^       .i>^ 

In  each  gate-tender's  house  there  AaSL  be 
c.-p.  lights;  and  on  each  of  the  four 
five  (5)  sixteen  (16)  c.-p.  lights  with  red  |^ba^^^ 
shall  have  weatherproof  sockets.    Each  set  df 
by  proper  switches  on  adequate  switchboard 

All  lamps,  globes,  sockets,  wires,  cut-cHits, 
tenances  necessary  for  the  complete  operatidil 
be  provided.    The  wiring  shall  be  run  in,l(Micf^lei 
conduits  approved  by  the  Engineers;  and  thesc$ 
fastened  to  the  structure.    All  wires  diall  be 
covered,  copper  wire,  none  of  which  shall  be 
gauge.    They  shall  be  drawn  into  the  conduits 
wire  or  its  insulation,  and  all  joints  in  the  wire 
and  double-taped  with  rubber  tape  and  friction 
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Example  (Roadway  Lrai 

The  bridge  shall  be  illuminated  by  ti 
clear  glass  globes,  foiuteen  (14)  inches  in  dii 
contain  two  one-hundred  (100)  watt  tungstmi^i 
sockets,  suspended  from  a  bracket  attached 
rubber  bushing  shall  be  used  in  attaching  the 
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li^&nmg  iAitt      fist  ki  toricated  ^1^  ddndtdtei  or  dtto' 
ti;j^^  Bofpteeiii;  a^  do^liiite  eliaD  be  secui^ 

tbe  etroekffe.    AU  wnei  nhall  be  doable-braidedi  rabbeivecyvered 
wn,  none  of  wUeh  sbaO  be  amall^  than  No.  12  B.  A  S.  gance. 
be  dwim  into  the  oondinis. without  injuiy  to  eithel*  tibe  wiie 
fagnliitkmi  and  all  johits  in  the  wire  Aall  be  oleanect  aolderadt  m$! 

wMh  Ti^iber  tape  and  f  rietion  tape. 

texqK  #KibeBb  ^KKioelii  wiieii  ci]t<mt0|  conduitB,  and  other  9fp|^^^ 

lor  the  oonqpilete  qperation  of  the  lighting  cfystem  abatt 

AU  work  diall  eonf orm  to  the  National  iSedaic  CJode;  tfjut 

daK  of  worki  and  all  matmale  and  workmanship  ahall  bi^ 

Imwtgy  reqieet,  and  subject  to  the  inspection  and  appromli^ 
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iAtawtitse  is  to  be  illuminated  by  an  electric  lighting  i^ystem. 

^b^  furnariied  and  installed  all  lamps,  globes^  conduits,  wizing,v 

filw  apparatus  and  appurtenances  necessary  for  a  complete  aeiiei 

rJjf^Hklag  System,  taking  current  from  the  Eanssa  City  Eleetrie 

^a  6*6  ampere  constant  current  feeders  at  the  east  end  of 

^Ehere  will  be  two  circuits.    The  drciiit  for  lii^ting  the 

-wSI  have  sixty  125  watt,  6.6  ampere,  constant-currents 

Llamps.    Each  lamp  will  be  supported  on  a  cast-iron 

mM  be  surrounded  by  an  opal  glass  globe  14  inches  in  diamr 

^fhfi  •  circuit  for  lighting  the  lower  roadway  and  the  stairways 

TSwatt,  6.6  ampere,  constant-current,  series,  tungsten 

Jamp  shall  be  supported  on  a  cast-iron  standard  or  bracket 

)littraunded  by  an  opal  globe  twelve  (12)  inches  in  diameter. 

ub^  drawn  into  Sherardised  steel  pipe  conduits  of  a  satis- 

rMiito  be  free  from  all  flaws  or  mechanical  injuries.    Att 

6  hJigJk-tension,  lead-covered,  okonite,  stranded  copper 

:  ^Ite  conduit  sh^  be  encased  in  the  concrete  as  the 
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The  United  States  Govermaeni 
cf  Hi^btB  to  mark  the  dear  fth^mngj  for  aB 
Hie  poiitkm  of  the  movaUe  qpan  where 
riMmld  qMdfy  the  reqiurainentB  for  the 
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fifignal  lie^tB,  as  required  by  the  Uitfted 
provided  and  placed  on  the  piers  and  tibe 

Fcnr  the  lift  span,  the  following  lights  fkaXL 
of  each  tower  pier  there  shall  be  one  red  l||il 
pier.  Vessel  signal  lamps  shall  be  attadied^  Hiil 
the  up-  and  the  downnstream  sides  of  the  fifb  ifJHi#^ 
of  a  double  electric  lantern  having  eight-hidh 
azid  red.  They  shall  be  wired  so  as  to  be  eeiri 
stand  to  show  either  green  or  red;  and  there 
operator's  house  a  green  and  a  red  lamp  so 
circuit  is  glowing. 

For  the  swing  span  the  following  li^ito  dttA 
end  of  the  draw  protection,  at  each  end  of  eaflU 
side  of  the  pivot  pier,  there  shall  be  one  red  l^M 
the  pier.    Three  signal  lamps  shall  be  placed  on 
one  at  each  end  over  the  portal  and  one  on  the  td|^^ 
each  signal  consisting  of  a  double  electric  lantern' 
lenses  colored  green  and  red.    They  shall  be 
from  the  operator's  stand  to  show  either  green  Off 
red  lamp  so  moimted  as  to  denote  which  drouit  iej 
in  the  operator's  house. 

All  lights,  both  red  and  green,  shall  be 
a  clear  atmosphere  at  a  distance  of  not  less  thaH^ 
are  to  be  shown  from  half-roimd,  pressed, 
in  diameter  with  an  arc  of  illumination  of  one 
degrees.    The  lamps  are  to  be  endosed  in 
firmly  attached  as  may  be  approved.    The 
of  the  channel  shall  be  controlled  from  the 


iVj'dt 


':-^..-*. 


ynm 


SPECIFICATIONS  FOR  MANUFACTURE  AND  ERECTION  1801 

All  lanterns,  lamps,  sockets,  wires,  conduits,  and  other  appurtenances 
necessary  for  the  complete  operation  of  the  signal  service  and  semaphore 
lights  shall  be  provided.  The  wiring  shall  be  run  in  loricated  pipe  con- 
duits or  other  conduits  approved  by  the  Engineers;  and  they  shall  be  se- 
curely fastened  to  the  structure.  All  wires  shall  be  double-braided,  rub- 
ber-covered, copper  wire,  none  of  which  shall  be  smaller  than  No.  12 
B.  &  S.  gauge.  They  shall  be  drawn  into  the  conduits  without  injury  to 
either  the  wire  or  its  insulation,  and  all  joints  in  the  wire  shall  be  cleaned, 
doldercd,  and  double-taped  with  rubber  tape  and  friction  tape. 

P.  120.  Indicator  Lights  for  Span  Operaiion 

Signal  lamps  shall  be  provided  to  indicate  the  open  and  closed  posi- 
tions of  the  locks,  end-lifts,  gates  and  span.  They  shall  be  located 
in  the  operator's  house  on  the  switchboard.  They  shall  show  clear  when 
the  span  is  ready  for  bridge  traffic,  and  shall  show  red  for  open  positions 
when  the  span  is  closed  to  traffic.  Each  indication  must  be  sufficiently 
accurate  to  permit  safely  the  carrying  out  of  the  succeeding  operations. 

Adequate  contacts,  properly  insulated,  shall  be  attached  to  the  metal- 
work  as  indicated  on  the  drawings,  or  as  may  be  approved  by  the  Engi- 
neers. All  wiring  for  the  signal  system  shall  generally  conform  to  the 
requirements  of  wiring  for  the  lighting  system  and  shall  be  carried  in  ap- 
proved conduits.  The  signal  lights  shall  be  mounted  on  a  slate  panel,  and 
each  light  shall  be  properly  labeled. 

V.  121.  Vessel  Signals 

In  some  localities  special  signals  are  required  for  vessels.  Where  such 
is  the  case,  this  clause  should  outline  the  equipment  and  installation 
completely. 

Example 

The  movable  span  shall  be  provided  with  a  vessel  signal  to  indicate 
to  navigators  that  their  signals  have  been  heard  and  whether  the  bridge 
will  be  opened.  Each  signal  shall  consist  of  a  pole  supporting  a  copper 
ball  twenty-four  (24)  inches  in  diameter  made  of  No.  22  gauge  copper 
and  painted  red.  The  ball  shall  be  raised  or  lowered  by  a  tiller  rope 
extending  to  the  operator's  stand,  and  the  signal  shall  be  so  situated  that 
when  the  ball  is  raised  it  shall  be  visible  to  navigators  approaching  the 
bridge  from  either  up-  or  down-stream. 

P.  122.  Electric  Siren 

For  the  purpose  of  signaling  approaching  vessels,  there  shall  be  pro- 
vided and  installed  two  electric  sirens,  together  with  battery,  wiring,  con- 
duits, push  button  switch,  and  all  other  appurtenances  necessary  for 
proper  operation.    The  sirens  shall  be  of  such  size  as  to  be  easily  heard 
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Hie  Ciontractor  shall  fumiah  iEtfid  put  ttl 

aa  per  the  detailed  plans,  a v-^C 

crane  with  suspended,  four-wheel  troUegr, 

( )  ton  Yale  and  Towne  Triplex  Hob^i  ei^oftit^ 

the  Engineers. 

P.  125.  IfUerlodkivig  A 

There  is  to  be  an  approved  system  of  i 
of  bridge  traffic,  for  which  drawings  are  to  be 
for   the  Manufacture  of  the  Metahrork  and 

gineers  for  their  approval  before  work  upon  it  is 

P.  126.  OaaoUne  Slntm$$¥  ^ 

.  Gasoline  engines  of  the  size  and  make 
equivalent  engines  acceptable  to  the  Engineers, 
and  properly  connected  with  the  machinery.         _  ^ 
of  developing  an  amount  of  brake  horse-power  t^  (J 
of  the  rated  capacity  when  operating  at  the 
gasoline  as  fuel.    It  shall  be  tested  at  the 
this  condition  before  shipment. 

Each  engine  shall  be  furnished  with  a 
switchboard,  oiling  devices,  carburetors,  tanks 
air-pump,  air-compressor,  piping,  wiring,  wrei 
sories  necessary  for  starting  and  for  successful 
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P.  127.  Installation  of  Machinery 

All  machinery  and  machinery  parts  shall  be  prepared,  erected,  ad- 
justed, painted,  oiled,  and  put  in  perfect  operating  condition.  If  the 
Contractor  for  Erection  have  any  objection  to  any  features  of  the  machin- 
ery, as  designed,  he  must  state  his  objections  in  writing  to  the  Engineers 
within  ten  days  after  signing  his  contract;  otherwise  his  objections  will  be 
ignored,  if  offered  later  as  excuse  for  defective  erection,  adjustment,  or 
operation.  The  Contractor  for  Erection  shall  furnish  grease  for  guides, 
oil  for  machinery,  and  all  such  suppUes  to  complete  the  mechanical  parts 
for  operation.  The  Contractor  for  Erection  shall  also  maintain  all  ma- 
chinery in  adjustment  and  shall  perform  all  labor  and  operate  the  bridge 
for  the  Purchaser's  service  for  a  period  of  sixty  (60)  days  after  it  has  been 
accepted  by  the  Purchaser  and  put  into  service,  without  additional  pay- 
ment. The  Purchaser  will  furnish  the  necessary  gasoline  and  oil  for  such 
oi>eration. 

P.  128.  Paint 

The  paint  for  the  metalwork  shall  be  DetroitrSuperior  Graphite, 
Nobrac,  the  Goheen  Carbonizing  Coating,  red  lead,  or  any  other  paint 
which  the  Engineers  shall  i&me,  it  being  imderstood  that  the  paint  to  be 
used  shall  be  that  chosen  by  the  Engineers  after  the  contract  is  let,  and 
that  if  the  said  paint  cost  the  Contractor  more  than  one  dollar  and 
fifty  cents  ($1.50)  per  American  gallon  delivered  at  the  works  of  the 
Manufacturers  of  the  metalwork,  or  at  the  bridge  site,  the  Contractor 
shall  be  paid  extra  the  actual  excess  cost  of  the  paint  over  one  dollar 
and  fifty  cents  ($1.50)  per  American  gallon. 

P.  129.  Painting 

All  metalwork,  before  leaving  the  shop,  shall  be  thoroughly  cleansed 
from  all  loose  scale,  rust,  and  dirt,  and  shall  be  given  one  coat  of  red  lead 
ground  in  linseed  oil,  or  any  other  priming  coat  required  by  the  En- 
gineers, which  coat  shall  be  thoroughly  dried  before  the  metalwork  is 
loaded  for  shipment.  It  is  absolutely  essential  that  the  entire  surface 
of  the  metalwork  be  thoroughly  cleansed  by  the  most  efifective  known 
methods,  such  as  the  use  of  wire  brushes  and  scrapers.  All  surfaces  com- 
ing in  contact  shall  be  particularly  well  painted  before  being  riveted  to- 
gether. Bottoms  of  bed-plates,  bearing-plates,  and  any  other  parts  which 
are  not  accessible  for  painting  after  erection  shall  have  three  (3)  coats  of 
paint,  one  at  the  shop,  the  other  two  in  the  field,  before  erection.  Pins, 
bored  pinholes,  turned  friction-rollers,  and  all  other  polished  surfaces  shall 
be  coated  with  white  lead  and  tallow  before  shipment  from  the  shop. 
Graphite  or  oil  should  be  used  as  the  lubricant  for  reaming;  but  should 
soap-suds  be  employed,  all  parts  of  the  metal  afifected  thereby  must  be 
washed  thoroughly  and  dried  before  any  painting  is  done  thereon. 
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materialj  in  either  shop  or  fiddt  ahall  icc^Q|i^Jp( 
ffliqiectod  material  at  hand  and  the  8caip^||^ 
tions  of  the  work  which,  in  the  opinion  of^ 
painted  on  account  of  such  infmoor  mater^it 
All  recesses  which  would  retain  water  or 
enter  must  be  filled  with  thick  paint  or  sqpi^ 
receiving  final  painting.    All  surfaces  so  doBfi 
insertion  of  paint  brushes  must  be  painted 
of  cloth  instead  of  the  brush. 
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P.  130.  Timber 

All  timber  remaining  permanently  in  the 
quality y  sawed  true  and  out  of  wind,  and  freeiratt^ 
loose  knots,  decayed  wood,  worm  holes,  Cft  a^ 
opinion  of  the  Engineers,  would  impair  its  strmgth 
less  it  be  used  imder  water,  not  more  than  ten 
of  any  stick  at  any  cross-section  shall  be  8^>  wMii< 
permanently  imder  water  shall  be  first-dasi^ 
All  timber  and  lumber  shall  be  surfaced  <m  alt  f oli^ 
form  to  the  net  dimensions  specified  on  the 
timber  by  the  thousand  feet  B.  M.,  only  the 
in  place  will  be  allowed  for,  notwithstanding 
contrary,  and  bidders  should  figure  accordingly. 

All  timber  left  in  the  structure  above  low 
yellow  pine,  Douglas  fir,  cedar,  or  other 
satisfactory  to  the  Engineers.    Timber  left 
may  be  of  any  variety  which,  in  the  opinion  of  • 
and  of  adequate  strength.  < 
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SPECIFICATIONS  FOR  MANUFACTURE  AND  ERECTION  1805 


I.  131.  Preservation  of  Timber 

All  treated  timber  is  to  receive (, )  pounds  of  creo- 
sote oil  per  cubic  foot.  The  process  of  treatment  shall  be  such  that  the 
wood  is  first  softened  and  the  saps  and  resins  dissolved  by  steam,  then  re- 
moved from  the  wood  by  the  application  of  a  vacuum,  after  which  the  creo- 
sote oil  shall  be  injected  by  pressure  until  the  amount  required  above  has 
entered  the  pores  of  the  wood.  The  oil  used  shall  be  the  best  obtainable 
grade  of  coal-tar  creosote;  that  is,  it  must  be  a  pure  product  of  coal-tar 
distillation,  and  must  be  free  from  admixture  of  oils,  other  tars,  or  sub- 
stances foreign  to  pure  coal-^ar;  it  must  be  completely  Uquid  at  thirty- 
eight  (38)  degrees  Centigrade,  and  must  be  free  from  suspended  matter; 
and  the  specific  gravity  of  the  oil  at  thirty-eight  (38)  degrees  Centigrade 
must  be  at  least  1.03.  When  distilled  according  to  the  common  method, 
that  is,  using  an  eight  (8)  oimce  retort,  asbestos  covered,  with  standard 
thermometers,  bulb  one-half  (3^)  inch  above  the  surface  of  the  oil,  the 
creosote,  calculated  on  the  basis  of  the  dry  oil,  shall  give  no  distillate  below 
two  hundred  (200)  degrees  Centigrade,  not  more  than  five  (5)  per  cent 
below  two  hundred  and  ten  (210)  degrees  Centigrade,  and  not  more  than 
twenty-five  (25)  per  cent  below  two  hundred  and  thirty-five  (235)  degrees 
Centigrade.  The  residue  above  three  hundred  and  fifty-five  (355)  degrees 
Centigrade  (if  it  exceeds  five  (5)  per  cent  in  quantity)  must  be  soft.  The 
oil  shall  not  contain  more  than  three  (3)  per  cent  of  water. 

If  practicable,  all  timber  to  be  creosoted  shall  be  cut  to  exact  dimen- 
sions before  being  treated,  so  that  it  will  fit  into  position  without  trim- 
ming at  the  site.  Any  creosoted  timber  that  has  to  be  cut  after  treat- 
ment must  have  the  cut  surfaces  thoroughly  covered  with  hot  asphaltum 
before  being  placed  in  position. 

V.  132.  Track-Rails  and  Their  Connections 

This  clause  shall  state  whether  rails  are  to  be  provided  for  steam  or 
electric  railway,  or  both,  and  shall  give  the  standard  used  and  the  sec- 
tion number,  weight,  length,  and  process  of  manufacture.  It  also  shall 
give  complete  details  as  to  splices,  bolts,  spikes,  bonds,  tie-bars,  and  all 
other  appurtenances  necessary  for  the  complete  installation  of  the  track. 

Example 

The  railway  track  rails  shall  be  of  the  A.  S.  C.  E.  section  weighing 
eighty  (80)  pounds  per  yard;  and  the  street  railway  track  rails  shall  be 
of  ,the  Lorain  Steel  Company's  Section  79,  No.  373,  weighing  seventy- 
nine  (79)  pounds  per  yard,  or  other  rails  of  equivalent  section  and  weight 
which  are  satisfactory  to  the  Engineers.  Railway  rails  shall  be  made  by 
the  open-hearth  process. 
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V.  134.    Crmmt$d  Bhdk 

J;   This  clause  should  spedly  the  kinds  of 
1^  dim^udons  of  the  blocks,  the  amount  ^ 
IMinpositioii  of  the  creosote  Mid  the  teetbig 
tnent,  the  base,  and  the  cushion  or  beddiog  lajfoi) 
and  it  should  also  give  a  detailed  deseriptiQit  0l 
blocks.    Only  one  kind  of  timber  shouM  be  pelttitilfifil 
About  eighteen  (18)  pounds  of  creosote  (ul  j^t 
for  yellow  pine,  and  twelve  (12)  pounds  for 
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Example 

The  pavement  is  to  be  of  creosoted,  long4eaf/ 
Norway  pine,  Douglas   fir,  or  tamarack  blocks} 
wood  is  to  be  used  on  the  structure. 

The  blocks  must  be  cut  from  a  good  grade^ 
be  well   manufactured,  full-size,  square-butted, 
from  the  following  defects:    checks,  unsound, 
knot-holes,  worm-holes,  through  shakes,  and  rooml 
the  surface.    The  number  of  annular  rings  in  tbe 
begins  one  inch  from  the  centre  of  the  heart  of 
than  six.     In  the  case  the  block  does  not 
to  be  used  shall  begin  with  the  annular  ring  whi 
of  the  heart.    No  block  shall  contain  less  than 
wood. 
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ip^l^  of  tbe  praiervative. 

be  treated  in  an  aip-tic^t  cylinder  with  the  preeerv*- 

^^^w.^w     gp0Q{jQod^    They  shall  be  subjected  to  steam  at  a  Un^ 

"^"^  '^  ""^     .  ^20  and  240  degrees  Fahrenheit,  after  which  a  vacuiim 

twenty  (20)  inches  shall  be  drawn,  the  temperature  at 

b^ng  maintained  at  from  150  to  240  degrees  Fahrenheit 

is  still  on,  the  pres^vative  oil,  heated  to  a  tempera- 

4lOaad  200  degrees  Fahrenheit,  shall  be  admitted,  and  tlie 

jfair  gradually  applied  until  a  sufficient  amount  of  the  pra^ 

been  forced  into  the  blocks.    Not  nuNre  than  ten  (10) 

above  the  amount  specified  shall  be  allowed.    Uie 

iti  shall  show  satisfactory  penetration  €i  the  Tgn^ 

tad  through;  and  all  blocks  that  have  been  waqpidi 

injured  in  the  process  of  treatmait  shall  be  v^taoMl^ 
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'Mn3«faii0e<if  .^10  paveuMDt  ahaB  lie  # 
iogBi  finUied  off  nnooth  ^m  top  to  mmm^; 
iNiif  iKyv«red  to  a  dqith  o(  about  ciiMf|Ml^l|^ 
tfitk  litift  aqkhaltiiiii  as  tiie  Uodn  ai^  tai^' >^^^ 

>  UjMm  the  bed  iiiiia  preiMured  ih»  Uodcfi 
jBbi^  <rf  tbe  iNiood  cortical  in  atraiglit^  PKiilil^^ 
one  WW  of  blocks  shall  be  phoed  paialle^  if^> 
Q£)  of  aa  inch  therefrom. 

l^e  blocks  shall  be  laid  by  setting  them  Iooed|^! 
coat,  but  no  joint  shall  be  more  than 
oepting  that  on  grades  of  three  (3)  per  cent  or  01^ 
^)  by  one  and  one-quarter  (1}Q  inch  ereosotill 
structure  shall  be  placed  between  the  Bnes  irf 
,tfae  sud  cushicm.    None  but  wlide  Moisks  Aafi  lll^ 
or  completing  a  course  or  in  such  other  oasea  W4 
and  in  no  case  shall  the  lap  joint  be  less  tiiailK^ 
shall  be  carefully  ciit  and  trimmed  by  expethsivsiA 
the  blocks  used  for  closure  must  be  free  from  idieiBic^ 
cut  end  must  have  a  surface  perpendicular  ixi 
cut  to  the  proper  angle  to  give  a  dose,  ti(^ 
to  be  thoroughly  covered  with  hot  asphaltuin 

Along  the  curb  there  shall  be  one  or  more 
with  hot  asphaltum,  the  total  width  of  the 
curb  being  one-half  Q/Q  inch  for  each  ten  ie#J 
This  is  to  be  done  in  order  to  provide  against  m 
of  the  pavement  due  to  the  blocks  drying  and 

After  the  blocks  are  placed,  they  shall  be  rol 
to  the  curb  by  a  steam  roller  weighing  at  least 
becomes  smooth  and  is  brought  truly  to  the 
After  the  blocks  have  been  thoroughly  rolled, 
shall  be  filled  half  way  up  with  hot  asphaltunii 
shall  be  filled  with  hot  pea-gravel  or  hot  stbne^^ 
employed,  or  otherwise  with  hot,  fine, 
shall  again  be  rolled. 
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After  inspection  by  the  engineers,  the  surface  of  the  wood-block  pave- 
ment shall  be  covered  to  a  depth  of  about  one-half  (J^)  inch  with  fine 
screened  sand.  This  sand  is  to  be  left  upon  the  pavement  for  such  time 
as  may  be  directed  by  ths  Engineers,  after  which  it  shall  be  swept  up  and 
taken  away  by  the  Contractor. 

The  Contractor  will  be  required  to  give  a  guarantee,  satisfactory  to 
the  Purchaser,  that  the  preservative  used  will  keep  the  blocks  free  from 
decay  for  a  period  of  ten  (10)  years,  and  to  furnish,  free  of  charge  at  the 
bridge  site,  an  adequate  number  of  paving  -blocks  to  replace  all  those 
which  shall  decay  wholly  or  in  part  within  ten  (10)  years  from  the  date 
of  the  completion  of  the  bridge. 

V.  135.  AsphaU  Pavement 

This  clause  should  give  complete  specifications  for  all  the  materials 
entering  into  the  pavement  and  for  its  construction.  The  total  thickness 
of  the  binder  and  the  wearing  surface  will  depend  on  the  traffic  crossing 
the  structure  as  well  as  on  the  length  of  the  span  when  it  is  necessary  for 
economy  to  keep  down  the  dead  load.  This  thickness  will  vary  from  two 
(2)  inches  for  long  spans  and  light  traffic  to  three  and  one-half  (33^)  inches 
for  short  spans  and  heavy  traffic.  The  greater  thickness  is  preferable 
whenever  funds  are  available  for  its  adoption. 

Example 

Description. — ^The  pavement  shall  consist  of,  first,  a  concrete  base  as 
shown  on  the  drawings;  second,  a  binder  com^e  one  and  a  half  (1.5) 
inches  in  thickness  when  compressed;  and,  third,  an  asphalt  wearing  sur- 
face two  (2)  inches  in  thickness  when  compressed. 

Foundation. — ^The  concrete  for  the  foundation  shall  be  mixed  as  here- 
inafter specified,  the  upper  surface  being  parallel  to  and  three  and  a  half 
(3.5)  inches  below  the  finished  surface  of  the  paving.  After  being  laid, 
the  surface  of  the  concrete  shall  be  protected  from  rain,  if  necessary,  and 
shall  be  sprinkled  with  hose  and  rosehead  sprinkler  as  frequently  as  may 
be  required  by  the  Inspector  imtil  it  is  sufficiently  set. 

Maierials. — ^The  materials  used  for  the  binder  and  wearing  courses 
must  comply  with  the  requirements  of  these  specifications,  and  must  be 
mixed  in  definite  proportions  by  weight.  All  materials  and  the  propor- 
tions thereof  used  must  be  satisfactory  to  the  Engineers. 

Methods  of  Testing. — ^All  tests  must  be  conducted  as  hereinafter  speci- 
fied. All  penetrations  at  77  degrees  Fahrenheit  are  expressed  in  himdredths 
of  a  centimeter  and  are  to  be  taken  (except  where  otherwise  specified) 
with  a  No.  2  needle  acting  for  five  (5)  seconds  without  appreciable  friction 
under  a  total  weight  of  one  hundred  (100)  grams. 

Refined  Asphalts. — ^The  refined  asphalts  admitted  under  these  specifi- 
cations shall  be  prepared  from  a  natural  mineral  bitiunen,  either  solid  or 
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pla&ily  marked  on  eem 
and  ooinpointimy 
more  than  fifteen  (15)  pooitf 

ft.  Nfaieiy-eight  and  one-hatf  (98)^  pm 
aBirefined  asphatte  shall  be  soluble  m  oarl^ 
I.e.  When  made  into  an  aqriuilt  eement 
a^  methods  as  are  described  in  these 
ap  asphalt  cement  compI]ring  with  all.  thtf 
forth  herein  f ot  asphalt  cements. 

Fluxes. — ^These  shall  be  the  residneii 
paraffine,  asphaltic  petrdemnsi  ot  s^ni- 
be  of  such  character  that  th^  vrill  combine 
to  form  an  acceptable  and  approved  aqdiall 
requirements  of  these  specifications.    All 
ing  general  tests: 

a.  They  must  have  a  penetration  greater 
fifty  (350)  with  a  No.  2  needle  at  77  degrew'rl^ 
weight  for  one  second. 

6.  They  shall  have  a  specific  gravity  at  7f 
and  1.02. 

c.  When  twenty  (20)  grams  of  the  fiux  art 
at  325  degrees  F.  in  a  tin  box  two  and  one-quaiti|^ 
and  three-quarters  (^)  of  an  inch  deep  9t\at 
prescribed,  the  loss  shall  not  exceed  five  (6) 
residue  left  after  such  heatmg  shall  flow  at  77 

d.  They  shall  not  flash  below  350  degrees 
dl  tester.  ^^ 
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'■"  '  '  ^'*  ***  V^iatiOitis  as  iiiay  be  rendered  iieoosBitfy^^l^  v- 

df  iraijf^  aiiid  the  character  of  the  work  to  be  doi^   Idil  ^ 

^iilPlM^iiict  diaiaeter  of  the  stone  may  be  varted,  w»^|^  ^ 

ippiilpllea,^^  the  discrelaon  of  the  Eogbeeis,  dependfav  t^^  ^ 

I^P-^^Kl  iiid  ^iatt  be  hardi  dean  graSned,  and  modeeMSf  ii^^    ^ 
Mii'iiii/ha^^  fbllowing  mesh  cotnpositioa  (sieves  to  be  oil    - 

IpBlilQO ilifiBh. , Oto  8%^ 

^^Wi^^^  10to8B%    - 

lihl^^i^^        retained  on  100  mesh. ........  6.  to  20%  ^^  . 

piiJl^iO  iiieA  on  80  mesh 5  to  40% 

Il^l0''0  Mmesh 6  to  80%      ** 

lihlr  li$^^^^        retamed  on  40  mesh 5  to  28%    \ 

Ijill'^i^^^^^  30  mesh 5tOl6% 

liiik  10  inedi  and  retained  on  20  mesh 2  to  10% 

|i||#''''$ittedi  and  retained  on  10  mesh 0  to  5% 

|P|p  jpiriiV  80  mesh  and  retah^  20  to  40% 

imi^^  12  to  45% 

'  "  ""  '  traffic  a  coarser  sand  may  be  used  with  the  Bppnif^ 
<biit  in  no  case  shall  a  sand  be  employed  that  conlaiiia 
^fifteen  (16)  per  cent  passing  an  804neBh  sieve,  sudk 
moretlum  five  (5)  per  cent  (calculated  on  the  origitaat 
INttesh  flieve,  or  a  mkture  of  seventy-fi:ve  (76)  per^d#i 
MMBter  above  spedfied  and  twenty-five  (26)  per  MMMtl 
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oQntain  from  6  to  20  per  cent  6f  lidi 
and  asphalt  used  and  the  trafic 
r.~OBe  (1)  pound  aamidee  of  Ifci 

aDdaepfaalt  cement  that  the  CkaiUitlDiiV 
^rith  a  statement  as  to  the  so^rei^ 
of  the  materials  oompoong  them,  must  hi^ 
no  contract  shall  be  awardisd  to  any  bidder 
in  every  respect  with  these  cq^ecifioatiai^  . 
QNdfied  in  his  bid  shall  be  used  by  any 
consent  of  the  EngineerSi  and  provided  JMi 
with  the  requir^nents  of  these  spedficatajxtigi  y. -^ 
In  addition  to  the  sanqples  subpiittfjd:  i^w^ 
taken  from  and  actually  representatiye  m  tito  ^ 
flux,  sand,  filler,  and  bind^  sUme  t6  be 
be  submitted  to  the  Engineers  before  the  use  oC 
is  permitted.    Except  at  the  option  of  ihe 
or  surface  shall  be  commenced  within  three 
such  samples  were  submitted;  and  in  no  casa 
have  been  examined  and  approved  by  the 
the  course  of  the  work,  new  deliveries  of  paving 
the  Contractor,  samples  of  these  shall  at  onpe  i|lf|^ 
gineers;  and  their  use  in  the  W(»:k  will  not  be 
examined  and  approved  by  the  said  E^ifl^neera^  f 
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Asphalt  Cement. 
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Preparation. — ^The  asphalt  cement  shall  be 
phalt — or  asphalts  and  flux,  where  flux  is  reqi 
where  herein  specified,  and  it  must  be  of  a 

The  proper  proportions  of  the  refined  a^l 
shall  be  melted  together  at  a  temperature  betw< 
and  thoroughly  agitated  by  suitable  appliances 
blended  into  a  homogeneous  asphalt  cemenki 
cement  must  not  be  heated  to  a  temperature 
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itfiiied  eqdbalt  or  aqpiudfB  and  fliix  oomprisiiig  the  ttq^^ 

tifequhifiii  be  Weii^ed  6cq[>arate^-m  tlie  pseeeoM  oi  tiie  iMtheiNf 
iiBlQieetQn^opiiijgeiitB'  of  the  EIiii^iuwb*  r     v    r.,<Mi'^^/>;U 

-The  juqphalt  caneiit  shall  eonqdy  with  the  •loAMrinlli 

im'<I1^iha&bethQroi]|^  *     ^  .;  v^i 

ft  iliall  haive  a  penetmtkm  at  77  degrees  F.  of  £rom  30  to  UM^.. 
triffie  and  M  to  86  for  light  traffie,  dependmg  iqMm  the  eaadalBil^ 
iisediaid  the  local  elimatie  ooiufitio^  ^;    ;r 

It  ihaft  not  fladi  bebw  8E0  dagrees  F.  when  tested  m  a  dosed  ^ 
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mhsft  ti9Wty  <20)  grttis  of  the  asphalt  cement  are  heated  J0i 
hoom  at  825  degrees  F.  in  a  tin  box  two  and  one-quarter  (2^7 
ia  'tfiameter  and  tiiree-quarters  (^  of  an  ineh  deep,  aiEter  thsr 
hiMiaaf ter  preseribed,  the  loss  shall  not  exoeed  five  (6)  per  eenfei 
;  and  thii  penetration  at  77  degrees  F.  of  the  reeidiie  lefkuftei^ 
mmt  ncrt  be  less  than  one-half  the  penetration  at  17  degreei^ 
thi»-1»%lnai  sample  before  heating. 

the  asphalt  cement  or  its  pure  bitmnen  when  made  inte;  ft^ 

^Doir  jbAold)  dially  at  50  penetration  (77  degrees  F*)|  heemm 

not  less  than  30  centimetres  at  77  degrees  F.;  tlie  two  eaiife 

4o  be  pulled  apart  at  the  uniform  rate  <tf  5  centimetres 


M^hieaqphalti  cement  as  used  has  a  penetration  other  than  50  at 
#.r^ka  ^Acreased  ductility  of  2  c^itimetres  will  be  requked  for 
in  penetration  above  50  penetralioni  and  a 
tie  made  below  50  po&etration. 
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•-^Hie  bmder  shall  be  composed  of  stone,  or  stoDe  and 
iifliiailAttdt  eem^  of  the  character  elsewhere  herein  specified  an4 
^pfifMir  i^roportioiis.    The  stone,  or  stone  and  sand,  and  the 
riuUl  be  heated  separately  to  such  a  temperature  as  will 
^^iK^Elagi  ^  binder  mixture  of  the  proper  temperature  for  the 
The  stone  when  used  must  be  at  a  temperatuiB 
iiBfi  degrees  F.    The  asi^alt  canent  and  the  stone  sbaU  be 
madiinery  until  a  hcMtnogeneous  mixture  is^odnesil^ 
are  thoroughly  coated  with  asphalt  cement.  ;    i«, 
mixture  prepared  in  the  manner  above  desosiMl 
illsritiw  work  in  wagons  covered  witli  oaiaivM  ettrpHilK^ 
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i|il||hitioiiiiy^  M  tlie  cspense  of  tke 
J^Ud  a*  uy  one  time  than  om  be  ecnMud 
ilB  pfant  on  surfAoe  mfacture.    Kmder 
ooviaml  with  wearing  surfaee  aa  aooii  aa  ii 
tile  moat  thofoufl^  bond  between  the 
trimjbr  ooarae  aball  be  kept  aa  dean  aad  aa 
under  w<»rldng  eonditions.    If  neoeaaaryi  it 
before  laying  the  wearing  surface  on  it. 

No  binder  shall  be  laid  when,  in  tiie 
weather  conditions  are  unsuitable,  or  unless  tiie. 
to  be  laid  is  free  from  pools  of  water  and  haa  ml 

Requirements. — ^The  finished  binder  muatr 
seven  (7)  per  cent  of  bitumen  soluble  in 
fifteen  (15)  to  thirty  (30)  per  cent  of  material 
and  from  twenty  (20)  to  fifty  (50)  per  cent  d 
half  (^)  inch  screen,  the  percentage  of  bitumenc 
cordance  with  the  mesh  composition  and  e 
gate  of  the  binder,  and  the  percentage  of 
screen  to  be  regulated  in  accordance  with  the 
roadway  to  be  paved. 
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Wearing  Surface. 

Preparation. — ^The  wearing  surface  shall  be 
and  asphalt  cement  of  the  character  elsewhofe 
in  proper  and  definite  proportions  by  weight, 
cement  shall  be  heated  separately  to  such  a 
after  mixing,  a  surface  mixture  of  the  proper 
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employed.  The  sand  when  used  must  be  at  a  temperature  between  275 
and  375  d^rees  F.  The  asphalt  cement  when  used  must  be  at  a  tem- 
perature between  250  degrees  F.  and  350  degrees  F.  The  various  mgre- 
dients  shall  be  brought  together  and  mixed  for  at  least  one  mmute  in  a 
suitable  apparatus  until  a  homogeneous  mixture  is  produced,  in  which 
all  the  particles  are  thoroughly  coated  with  asphalt  cement.  The  weights 
of  all  materials  entering  into  the  composition  of  the  wearing  surface 
shall  be  verified  in  the  presence  of  Inspectors  as  often  as  may  be  required, 
and  the  Engineers  or  their  representatives  shall  have  access  to  all  parts 
of  the  plant  at  any  time. 

Laying. — The  surface  mixture  prepared  in  the  manner  above  described 
shall  be  brought  to  the  work  in  wagons  covered  with  canvas  or  oth^r  suit- 
able material,  and  upon  reaching  the  site  shall  have  a  temperature  be- 
tween 230  degrees  F.  and  350  degrees  F.  The  temperature  of  the  surface 
mixture  within  these  limits  shall  be  regulated  according  to  the  tempera- 
ture of  the  atmosphere,  the  working  of  the  mixture,  and  the  character 
of  the  materials  employed.  On  reaching  the  site,  it  shall  at  once  be 
dumped  on  a  spot  outside  of  the  space  on  which  it  is  to  be  spread.  It 
shall  then  be  deposited  roughly  in  place  by  means  of  hot  shovels,  after 
which  it  shall  be  uniformly  spread  by  means  of  hot  iron  rakes  in  such 
a  manner  that  after  having  received  its  final  compression  by  rolling,  the 
finished  pavement  shall  conform  to  the  established  grade.  The  thickness 
of  the  finished  surface  mixture  shall  average  two  (2)  inches.  Not  more 
than  a  ten  (10)  per  cent  variation  from  the  average  thickness  specified 
will  be  permitted  in  any  one  spot.  Before  the  surface  mixture  is  placed, 
all  contact  surfaces  of  curbs,  man-holes,  etc.,  must  be  well  painted  with 
hot  asphalt  cement.  After  raking,  the  surface  mixture  shall  at  once  be 
compressed  by  rolling  or  tamping,  after  which  a  small  amount  of  cement 
shall  be  swept  over  it,  and  it  shall  then  be  thoroughly  compressed  by  a 
steam  roller  weighing  not  less  than  two  hundred  (200)  poimds  to  the  inch 
width  of  tread,  the  rolling  being  carried  on  continuously  at  the  rate  of 
not  more  than  two  himdred  (200)  square  yards  per  hour  per  roller,  until 
a  compression  is  obtained  which  is  satisfactory  to  the  Engineers.  Such 
p>ortions  of  the  completed  pavement  as  are  defective  in  finish,  compres- 
sion, or  composition,  or  that  do  not  comply  in  all  respects  with  the  re- 
quirements of  these  specifications,  shall  be  taken  up,  removed,  and  re- 
placed with  suitable  material,  properly  made  and  laid  in  accordance  with 
these  specifications,  at  the  expense  of  the  Contractor.  Whenever  so  or- 
dered by  the  Engineers,  a  space  of  twelve  (12)  inches  next  to  the  curb 
shall  be  coated  with  hot  asphalt  cement,  which  shall  be  ironed  into  the 
pavement  with  hot  smoothmg  irons. 

No  wearing  surface  shall  be  laid  when,  in  the  opinion  of  the  Engineers, 
the  weather  conditions  are  unsuitable,  or  unless  the  binder  on  which  it  is 
to  be  placed  is  dry.  Excessive  use  of  water  on  the  steam  roller  when 
compressing  the  pavement  will  not  be  permitted.    The  finished  pave- 
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Total  pasBiDg  200, 100,  and  80  mi^^*^ 
Tirisl  paaemg  JM  and  40  meA.^^^ 
Total  paaediig  30, 20,  and  iOmiib^^f^^  ..^ 

(N.  B.)    The  minimum  amount  of  bftittlilil^ 
tares  oontahiing  the  minimum  total  paasfa^. 
of  Intimien  must  be  increased  above  the 
80  merii  imareasee.    On  pavements  sabjested'itt^ 
the  Engine^s  have  approved  the  use  of  a 
that  q)ecified  for  general  use,  the  suifaee 
than  mx  (6)  per  cent  of  mineral  mattor  pasaiuifi^ 
less  than  a  combined  total  of  eighteen  (18)  fii 
100,  and  80  mesh  cdeves.    The  maximum  SMiBiiit 
mesh  material  will  be  regulated  acc(»diiig  ta^  tlMt' 
phalt  used  and  the  traffic  ujpcm  the  structure 
to  be  laid,  subject  to  the  maximum  requiremeotiF 
under  sand  and  filler.  >h 

(N.  B.)    The  above  limits  as  to  mesh 
men  are  intended  to  provide  for  such  permisaUs'^ 
dered  necessary  by  the  raw  materials  used  and  bjf^ 
to  be  done.    The  composition  of  the  wearing 
the  limits  above  specified  at  the  discretion  of 
upon  the  kind  of  sand,  filler,  and  asphalt  used 


.S^:;^ 


Condition  at  Expiration  of  Guarantee. 

In  addition  to  the  proper  maintenance  of  tfc#< 
period  of  guarantee,  the  Contractor  shall,  at  his 
the  expiration  of  the  guarantee  period,  make 
necessary  to  produce  a  pavement  which  shall: 

a.  Have  a  contour  substantially  conforming 
as  first  laid  and  free  from  depressions  of  any 
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(^)  of  an  inch  in  depth  as  measured  between  any  two  points  four  (4)  feet 
apart  on  a  line  conforming  substantially  to  the  original  contour  of  the 
street. 

6.  Be  free  from  cracks  or  depressions  showing  disintegration  of  the 
surface  mixture. 

c.  CJontain  no  disintegrated  surface  mixture. 

d.  Not  have  been  reduced  in  thickness  more  than  three-eighths  Q4)  of 
an  inch  in  any  part. 

e.  Have  a  foundation  free  from  such  cracks  or  defects  as  will  cause 
disintegration  or  settling  of  the  pavement  or  impair  its  usefulness  as  a 
roadway. 

Repairing. 

Repairs,  except  as  provided  for  below,  shall  in  all  cases  be  made  by 
cutting  out  the  defective  binder  and  wearing  surface  down  to  the  con- 
crete and  replacing  them  by  new  and  freshly  prepared  binder  and  wearing 
s\irf ace  made  and  laid  in  strict  accordance  with  these  specifications. 

Whenever  any  defects  are  caused  by  the  failure  of  the  foundation, 
the  pavement  (including  such  foimdation)  shall  be  taken  up  and  relaid 
with  freshly  prepared  material  made  and  laid  in  strict  accordance  with 
these  specifications. 

In  all  cases  the  surface  of  the  finished  repair  shall  be  at  the  grade 
of  the  adjoining  pavement  and  in  accordance  with  the  contour  of  the 
roadway. 

The  surface  heater  method  of  repairing  may  be  used  only  in  those 
cases  where  the  repairs  are  not  rendered  necessary  by: 

a.  Failure  of  concrete. 

b.  Ftulure  of  the  binder. 

c.  Failure  caused  by  the  disintegration  of  the  lower  portion  of  the 
wearing  surface. 

Whenever  the  smface  heater  method  is  employed,  all  defective  sur- 
face shall  be  removed  before  replacing  it  with  new  material.  In  all  cases 
the  old  surface  shall  be  removed  to  a  depth  of  not  less  than  one-quarter 
inch;  and  the  new  surface  must,  when  compressed,  be  not  less  than  one- 
half  in  thickness.  The  heat  shall  be  appUed  in  such  a  maimer  as  not  to 
injure  the  remaining  pavement.  All  burnt  and  loose  material  shall  at 
once  be  completely  removed,  and,  while  the  remaining  portion  of  the 
old  pavement  is  still  warm,  shall  be  replaced  by  new  and  freshly 
prepared  wearing  surface  made  and  laid  in  strict  accordance  with  these 
specifications. 

With  the  written  permission  of  the  Engineers,  not  to  exceed  twenty 
(20)  per  cent  of  crushed  old  asphalt  surface  mixture  of  suitable  character 
may  be  used  in  combination  with  the  binder  stone,  provided  that  such 
mixture  produces  a  binder  compljdng  in  all  respects  with  the  requirements 
of  these  specifications. 
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iSFaiM.  coEoeDft  ill  iJie  ca0o  of  tes; ' 

i||Mlfc  tiPQi  and  ooMioaftei; 
^IPtftatt  (K)  <rf  ^  in^  deep  <2HMiii 
AsoiKteiH^ JCaa  CoioiMaqr).    Wh«ee  i^iqi&i 
cqr  lieiMtoations  aro  to  be  takeaM 
Hol  not  lees  thaa  two  (2)  botdbee  deep  wiAi 
fled  above  dioald  be  used. 

Afl  fiunides  diall  be  melted  at  a 
vender  tiimi  Uquid  (3S0  to  300  de8raea£S 
oughly  stirred  until  homogeiieous  and  free  Mli^ 
suffieiently  in  the  air  at  laboratocy 
for  at  least  thirty  (30)  minutes  in  water 
at  which  the  test  is  to  be  made  (77 
sample  shall  be  accurately  maintained  at  the 

The  average  of  from  three  (3)  to  five  (S) , 
more  than  five  (5)  points  (five-hundredths  ifiX 
maximum  and  minimum  shall  be  taken  as  the^ 
the  needle  being  wiped  off  with  a  dry  etoth 

(N.  B.)     This  test  measures  the  ocmsistenegf  til 
amination.     Its  limits  of  accuracy  may  be 
(5)  per  cent  of  the  reading  obtauied  (above  or 

Dudility  Test — ^This  test  is  usually  first 
itself.    If  this  fails  to  show  the  required  ductilitg^ 
be  extracted  and  tested.    The  proper  methods' 
bitumen  vary  with  the  asphalt  bemg  examined 
description  here.     (See  Proceedings  of  American*! 
terials,  vol.  9,  pages  594r-9.) 

The  moulding  of  the  briquette  may  be  done 

The  mould  should  be  placed  upon  a  braaei 
asphalt  from  adhering  to  the  plate  and  the  ini 
able  pieces  of  the  mould,  they  should  be  well 
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iiiittilinrtifiB^    TbeM  fMfai  murt  not  (fiffer  more  tiian  twenl^  0^ 

S^  :'?iliiir4^  ineamireB^aiypr^^  oementioit  TflAiWDf  k* 

IM  itiwtiilweiiHrify'  a  meamure  of  the  rdative  emjaeai&ii^ihi^ 
natoriab  or  &e  same  tntummous  material  at  diffiMt 
I  ftiMlimitB  of  aaeunMT"  may  be  coDaideMl  as  being  iritiytf 
IMP  eent  of  the  reading  obtained  (above  or  bekiw). 
4iftTeki3iiwnm in  Refined  A9phati8a^ 
Ipwnaof  the  sample  shall  be  wdi^ed  into  a  tared  300  eU^ 
lSiieDmq^«r  flask  and  covered  with  100  e.c.  of  chemica%  piM^ 
AgHate  until  all  lumps  disappear  and  nothing  ad- 
liMMoOi  of  the  flask.    Cork  and  aUow  to  stand  fifteeii  (fl^ 
i^WSUtctt  on  aGooch  orudble  with  asbestos  felt  or  a  wdj^ikd' 
inllifBsh  until  the  washings  oome  through  {Mractically  ooterteai;: 
^^siii  filter  at  250  degrees  F.    Evaporate  the  filtrate  bbn^^ 
bum  to  an  ash  and  add  to  the  residue  on  the  filteif.- 
lj!^99iiafimitsof  aoeuracy  of  this  test  as  applied  to  bitumens  e^l^ 
le  proportions  of  non-bituminous  matt^  may  be  cotlK 
within  one-half  (H)  P^  <^^^t  above  or  below  the  resuK 
eally  pure  bitumens  one-quarter  Q^)  per  cent  above  01^ 
limit  of  accuracy. 
^Bitwmen  SciuMe  in  C carbon  TetroMoride. — One  g^aaH 
^tk0  be  weig^ied  into  a  tared  200  c.c.  wide  mouth  ErleiH 
wvered  with  100  c.c.  of  chemically  pure  carbon  U^tfk^i 
all  lumps  disappear  and  nothing  adhere?  to  tibe^ 
Cork  and  allow  to  stand  ei^teen  (18)  hours  in  iib$^ 
iS  Goocdi  crucible  with  asbestos  felt  or  a  in^^tsiJ 
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|»#4iiii|^  tta  iioK  two  mi 
jtgmi^mkid  w  iMb  bii^  (tpoKXttoi 

^iSbi  iMMliDc^  ahall  be  dooe  I&  a  ittaASiiidi 
lilKft  lena^MMtuie  fi|ieoified  befofe  tii|0 
i^HbQli  ii  miiiiitainirf  wHUai  tuo  <3(^ 
"Qfiil  tbe  test    Hie  tin  eaa  ahoiikl  Im 
0tfaBr  mataEial  from  direot  mcilnllio  ooiitiiflt 
^raou    Hie  bulb  of  tiie  theiiiidnietQr 
faetb  SDEUDQediatdy  aknigdide  of  tfae^  flimldtt^ 
end  tbe  method  of  insulatioii  being /tiseeeaM 

(N.B.)    This  test  indicates  the  exIOKk  |0 
gf  tilDe  k)8e  tbeb  more  volatile  hydrocaibQa 
lesoHing  £rom  volatiliiatioin  w*^  iAumni^m\ 
as  an  aocelerated  eqxMRire  test.    Ita  fimite 
itefy  stated,  owing  to  the  widely  vafyii^  imdii^ 
differmit  t3rpes  of  ovens  and  failure  eaiefo% 
prescribed.    When  carefully  conducted 
a  test  showing  six  (6)  per  cent  loss  shq^d  vbB 
qpecification  calling  for  not  over  five  (5) 

Flash  TeH.—The  jQash  test  shaU  be  made  tt 
two  and  one-quarter  (2^  inches  in  diamfiitar 
ei^ths  (1^)  inches  deep  (3  ounce  Giltetykri* 
provided  with  a  suitable  transparent  cover  el  ' 
cover  shall  be  provided  with  two  apertures  for 
mometer  and  test  flame.    The  aperture  for 
three-eighths  ($4)  of  an  inch  in  diameter  and 
The  aperture  for  the  test  flame  shall  be 
one-half  {}/Q  inch  on  the  base  and  three-q 
The  base  shall  coincide  with  the  rim  of  the  caii^ 
mately  fifteen  (15)  inches  long,  graduated  in 
bulb  completely  immersed  in  the  material 
touch  the  bottom  of  the  can,  but  shall  be 
tion.    The  can  shall  be  filled  with  the  material 
a  one-half  (^)  inch  vapor  space  when  mi 
heated  at  the  rate  of  ten  degrees  F.  a  mini 
be  applied  every  five  degrees  F.  after  a 
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has  been  reached.  No  correction  for  emergent  stem  shall  be  made.  The 
test  flame  shall  be  one-eighth  (j/Q  of  an  inch  long,  and  shall  be  dipped 
in  jxist  below  the  surface  of  the  cover  and  then  inmiediately  withdrawn. 
(N.  B.)  This  test  indicates  the  temperature  at  which  inflammable 
vapors  are  given  off  in  an  enclosed  space.  It  supplements  the  volatiliza- 
tion test  and  guards  against  the  use  of  a  material  containing  too  large  an 
amount  of  volatile  hydrocarbons.  Its  limit  of  accuracy  may  be  considered 
as  being  five  (5)  degrees  above  or  below  the  reading  obtained. 

Specific  Gravity  Test. 

a.  Fluid  inaterials:  The  specific  gravity  of  fluid  materiab  shall  be 
taken  in  the  usual  way  in  a  picnometer  at  77  degrees  F. 

b.  Viscous  fluid  and  seiui-solid  materials:  The  specific  gravity  of  these 
materials  shall  be  taken  in  a  cylindrical,  weighing-bottle  picnometer. 

c  Hard  soUd  materials:  The  specific  gravity  of  hard,  soUd  materials 
shall  be  taken  by  the  displacement  method. 

Determination  of  Bitumen  Contents  and  Mesh  Composition  of  Binder. 

Weigh  out  from  350  to  500  grams  of  the  binder  and  extract  the  bi- 
tumen from  it  in  a  centrifugal  extractor  or  suitable  continuous  hot  ex- 
tractor, using  chemically  pure  carbon  bisulphide  as  a  solvent  for  the  bi- 
tumen. Follow  the  same  general  method  for  the  drying  and  sifting  of 
the  mineral  aggregate  as  described  in  the  method  for  analyzing  surface 
mixtures.    The  sieves  to  be  used  are  as  follows: 

IJ^-inch,  1-inch,  ^-inch,  and  J^-i^^ch  circular  openings,  and  10-mesh. 

(N.  B.)    The  limits  of  accuracy  of  this  test  are  as  follows: 

For  bitimien  contents,  three-tenths  (/lo)  per  cent  above  or  below  the 
result  obtained.  For  mesh  composition,  ten  (10)  per  cent  of  the  result 
obtained  (above  or  below). 

Determinaiion  of  Bitumen   Contents  and  Mesh   Composition  of  Surface 
Mixtures. 

The  sample  of  surface  mixture  should  be  heated  to  about  300  degrees  F. 
imtil  soft,  and  ten  to  twenty  grams  of  it  should  be  weighed  on  to  a  tared 
S.  &  S.  filter  paper  No.  695,  11  cms.  in  diameter.  The  filter  paper  and 
contents  should  be  placed  in  a  funnel  and  washed  with  chemically  pure 
carbon  bisulphide  until  the  washings  run  through  practically  colorless. 
Dry  the  filter  paper  and  residue  at  250  de^ees  F.  for  one-half  (J^)  hour. 
Open  the  filter  paper  carefully  and  remove  the  mineral  aggregate.  Scrape 
off  the  dust  adhering  to  the  paper  as  thoroughly  as  possible  with  a  blunt 
palette  knife  and  add  it  to  the  mineral  aggregate.  Evaporate  the  filtrate 
containing  the  bitumen,  bum  the  bitumen,  add  the  filter  paper  to  it  and 
biuTi  to  an  ash.  Add  the  ash  to  the  mineral  aggregate  previously  re- 
moved from  the  filter  paper  and  weigh.  The  difference  between  the 
weight  of  surface  mixture  originally  taken  and  the  combined  weight  of 
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Method  of  Sampling.  f 

Extreme  care  should  be  taken  in  eveiy 
is  truly  representative  of  the  material  to  be 
precautions  to  be  observed  in  each  case  are  _ 

Binder  Stone.  ,'J^'' 

A  sufficient  number  of  five-pound  samples 
parts  of  the  pile.    These  should  be  thorou|^i)3r 
duced  by  quartering  to  the  desired  size.  ^i^' 

Filler.  M 

A  sample  should  be  taken  from  several  baoif 

should  be  mixed.  /  T^^ 

•  ^^ 

Sand. 

Samples  should  be  taken  from  the  interiors; 
is  damp.    A  sufficient  niunber  of  one-pound- 
from  different  parts  of  the  pile.     These 
together  and  reduced  by  quartering  to  the 
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Refined  Asphalt  and  Asphalt  Cement. 

In  barrels:  At  least  one  sample  should  be  taken  from  each  batch.  It 
should  be  secured  at  sufficient  depth  below  the  surface  to  msure  obtainmg 
representative  material  free  from  all  dirt  or  other  extraneous  matter. 

In  tank  cars:  The  contents  of  the  tank  should  be  heated  until  com- 
pletely liquid  throughout.  It  should  then  be  agitated  and  thoroughly 
mixed  by  means  of  air  or  steam,  after  which  the  sample  may  be  taken 
in  any  convenient  manner. 

In  kettles:  The  contents  of  the  kettles  must  be  completely  liquid  and 
thoroughly  agitated  previous  to  and  during  sampling.  The  sample  may 
be  taken  from  the  pipe  through  which  the  material  is  delivered  to  the 
mixer  or  by  means  of  a  clean  dipper. 

Flux. 

The  directions  given  for  samplmg  refined  asphalt  and  asphalt  cement 
apply  to  this  material,  except  that  under  ordinary  conditions  it  is  not 
necessary  to  agitate  the  contents  of  the  tank  car. 

Surface  and  Binder  Mixtures. 

Samples  should,  preferably,  be  taken  on  the  structure  after  the  mix- 
ture has  been  shoveled  and  raked.  Samples  taken  from  the  plant  shall 
be  obtained  from  the  wagons,  special  care  being  observed  to  avoid  ma- 
terial from  the  top  of  the  load  or  which  appears  to  vary  from  the  aver- 
age. Samples  should  be  pressed  between  sheets  of  paper  and  trimmed 
while  hot  to  a  convenient  size. 

P.  136.  Bitidithic  Pavement 

Description, — On  a  properly  prepared  concrete  base,  as  shown  on  the 
drawings,  shall  be  laid  the  wearing  surface  or  pavement  proper,  which 
shall  be  composed  of  carefully  selected,  tough,  sound,  hard,  crushed  lime- 
stone, mixed  with  bitumen  and  laid  as  follows: 

After  heating  the  stone  in  a  rotary  mechanical  dryer  to  a  tempera- 
ture of  about  280  degrees  Fahrenheit,  it  shall  be  elevated  and  passed 
through  a  rotary  screen,  having  six  or  more  sections  with  varying  sized 
openings,  the  maximum  of  which  shall  be  1^  inches,  and  the  minimum 
of  which  shall  be  one-tenth  (Yio)  of  an  inch  in  diameter.  The  several 
sizes  of  stone  thus  separated  by  the  screen  sections  shall  pass  into  a  bin 
containing  six  sections  or  compartments.  From  this  bin  the  stone  shall 
be  drawn  into  a  weigh-box  resting  on  a  scale  having  seven  beams.  The 
stone  from  each  bin  is  accurately  weighed  in  the  proportion  which  has 
been  previously  determined  by  laboratory  tests  to  give  the  best  results; 
that  is,  the  most  dense  mixture  of  mineral  aggregate,  and  one  having 
inherent  stability.  From  the  weigh-box,  each  batch  of  mineral  aggre- 
gate, composed  of  differing  sizes  accurately  weighed  as  above,  shall  pass 
into  a  "twin  pug*'  or  other  approved  form  of  mixer.    In  this  mixer  shall 
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jpfOpov^oii  as  has  bcsii  pn^wfotif 

IBba  iTii»tiMr  shall  be  coBtauied  imtilithii 
tBflMKwiff  eonGiete.    In  this  condition  it  sha& 
ihsfe  qxrrad  on  the  prepared  famrt|rtjl(|y 
ooi^  oompressicm  with  a  steam  xdWi  l| 
(2)  indbes.    The  proportkming  of  the  "fiiylBg 
oos  ement  shall  be  such  that  the  nampaiisi 
is  pfacticable,  have  the  solidity  aad  de&ri^ti 

Surface  FiniA. — After  rolling 
over  ity  while  it  is  still  warm,  a  thin 
Bituminous  Flush  Coat  CompositiQiny  or 
able  to  the  Engineers,  by  means  of  a 
chine,  so  demgned  as  to  spread  quickly  &^ 
ness  of  the  said  Flush  Coat  Coinpositioii. 
be  provided  with  a  flexible  spreading  band  an^ 
regulating,  to  any  desired  amount,  the  ^pui^ 
composition  to  be  spread.    On  grades  of  oveif' 
Coat  may  be  used  in  place  of  the  liquid  Flush 

While  the  Flush  Coat  Compodtion  is  still 
over  it,  in  at  least  two  coats,  fine  particles  of  |hli|; 
dent  quantity  completely  to  cover  the  sur&i0| 
stone  chips  shall  be  spread  by  means  of  a 
chine,  so  designed  as  to  provide  a  storage 
cubic  feet  capacity,  and  rapidly  and  uniformly  to 
pavement  with  the  desired  quantity  of  stone^.^ 
shall  be  provided  with  an  adjustable  attachment^ 
the  quantity  of  stone  spread  at  each  oponatkHik  t 
immediately  and  thoroughly  rolled  into  the 
cool.    The  purposes  of  the  Flush  Coat 
of  hot  cnished  stone  are  not  only  to  fill  any 
also  to  make  the  said  surface  waterproof  and 
foothold  for  horses.    The  size  of  the  stone  chipt 
direction  by  the  Engineers;  and  they  are  to  be 
stone  specified  for  the  wearing  surface. 

The  roller  used  for  compressing  the  w 
the  stone  chips  shall  be  operated  by  steam 
pressure  of  not  less  than  250  pounds  per  lineal  J 
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Each  layer  of  the  work  shall  be  kept  free  from  dirt,  so  that  it  will 
unite  with  the  succeeding  layer.  The  amount  of  bituminous  cement  to 
be  used  for  coating  the  heated  stone  for  the  wearing  surface  shall  be  va- 
ried as  the  Engineers  may  direct,  in  order  to  suit  the  varying  volmne 
of  voids  in  the  aggregate.  The  bituminous  composition  shall  be  free 
from  water,  petroleum  oil,  water-gas,  tar,  or  inferior  process  tars;  and 
it  shall  be  especially  refined  in  order  to  remove  the  light  volatile  oils  and 
other  matter  susceptible  to  atmospheric  influences.  The  cut-back  process 
shall  not  be  used  in  making  the  bituminous  cement. 

If  the  fine-crushed  stone  used  does  not  provide  the  best  propor- 
tions of  fine-grained  particles,  these  must  be  supplied  by  the  use  of  hy- 
draulic cement,  pulverized  stone,  or  very  fine  sand,  as  the  Engineers  may 
direct;  but  the  amount  thereof  shall  in  no  case  exceed  fifteen  (15)  per  cent 
of  the  total  mass. 

V.  137.  Brick  Paving 

In  the  following  example,  Portland  cement  grout,  coal-tar  paving- 
pitch,  and  asphalt  joint  fillers  are  included;  but  usually  only  one  kind 
will  be  used  in  any  one  specification. 

Example 

Character  of  Brick, — ^AU  brick  must  be  strictly  No.  1  pavers  of  the 
sizes  commercially  known  as  "vitrified  block,"  and  "brick,"  the  widths 
of  which  must  not  vary  more  than  one-eighth  (i/g)  of  an  inch.  They  must 
be  thoroughly  annealed,  tough,  and  durable,  regular  in  size  and  shape, 
and  evenly  burned. 

When  broken,  the  brick  shall  show  a  dense,  stone-Uke  body,  free  from 
lime,  air-pockets,  cracks,  or  marked  laminations.  They  must  not  be  fire 
flashed,  smoked,  or  treated  in  any  manner  tending  to  give  artificially  a 
uniform  color  outside.  Kiln  marks  must  not  exceed  three-sixteenths  (/le) 
of  an  inch  in  depth  and  one  edge  at  least  shall  show  but  slight  kiln  marks. 
All  brick  so  distorted  in  burning  as  to  lay  unevenly  in  the  navement  shall 
be  rejected. 

The  standard  size  of  brick  shall  be  two  and  one-half  (23^2)  inches  in 
width,  four  (4)  inches  in  depth,  and  eight  and  one-half  (83^)  inches  in 
length;  and  the  standard  size  of  block  three  and  one-half  (3J4)  inches 
in  width,  four  (4)  inches  in  depth,  and  eight  and  one-half  (83^)  inches  in 
length.  They  shall  not  vary  from  these  dimensions  to  exceed  one-eighth 
of  an  inch  in  width  and  depth,  and  not  more  than  one-half  (3^)  inch  in 
length.  If  the  edges  of  the  brick  are  rounded,  the  radius  shall  not  exceed 
three-sixteenths  (/le)  of  an  inch.  Only  brick  with  raised  lugs  on  one 
side  not  to  exceed  one-fourth  {}4)  of  an  inch  in  height  shall  be  used. 

Inspection, — ^All  brick  shall  be  subjected  to  thorough  inspection  before 
and  after  laying  and  rolling,  and  all  rejected  material  shall  be  immedi- 
ately removed  from  the  site. 

Factory  inspection  of  brick  including  the  rattler  test,  shall  be  made,  if, 
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^'"4ifBfflfp^ff  of  Mdk  of  tarifiii 
|lpir*^eifl^        tested  ieBtimO^A  M 
Ital  ivoiild  cull  theni  thaU  B10I 
tjii|rte|d^^^^  ^^^  c^^  of  the  aoftoiti  oiip  of  ^ 
titti^^    H  aU  of  the  tests  o?«m^ 
tiimSt  be  rejeeted.    If  one  or  tuo  of  t|t 
Mid  grade  at  grades  shall  be  made, 
ran  the  speoified  peit»iitages  of  loiii 
gnidey  piovided  they  do  slot  esneed  ten 
bride  in  the  car,  and  deUver  the  batsiiee 
wbok  carloed  wQl  be  rejected. 

In  Older  to  prevent  the  oontfamed 
cars  of  two  separate  shipmente  of  any  make  Df 
th^  fail  to  meet  the  requiremente  staled 
will  be  rejected. 

Number  and  Condition  of  Atdb.*— Ten  (lA) 
tute  the  number  to  be  used  in  a  single  tert. 
dried  for  at  least  three  (3)  hours  in  a 
degrees  Fahrenheit  before  testing.  ^^•^^' 

Testa  before  Unloading. — ^The  Contractor  riiaS^ 
the  location  and  car  number  of  each  oafload  itf 
samples,  if  deemed  necessary,  may  be  taken  ii|#^ 
shall  be  delivered  at  or  adjacent  to  the  1^  untf 
been  received  from  the  Engmeers  or  their 
they  have  been  superficially  inspected  or  have 
Decision  relative  to  each  carload  will  be  made^ 
hours  of  notice.    Permission  to  deliver  Inriek  on 
be  considered  a  final  acceptance  in  any  reepeot* 
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Making  the  RatUer  Teat. 

The  machine  shall  be  of  good  mechanical 
shall  conform  to  the  following  details  of 
shaU  consist  of  barrel,  frame,  and  drivmg  mi 
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fouftoeil  (M)  iidi0d  pi^ygOBl  iiifcribed  iii  ft  oirofo 

(39®^  in^ai  ift  ifiameter^   The  htodi  'iiiii&  tia 

^itogiiw  ndt  iMi  ihaii  Ibfe^^ouitiis  ^  indb  tliMt  «&& 

tiro  and  on&^ialf  (2H)  indbm  from  the  it^^ 

ft  ntaos  ol  fftBtei^  the  steves.    Ilia  flaiifeft  flfadl  te  ii^^ 

edge,  80  ae  to  ptovide  for  two  (2)  Ifatw-loiiiihB  (f^Oiiidi  libilft 

eeid  of  eaiA  istovei  srfid  etots  to  be  tUrteenHrixteenthe  i^^iai^k 

f#«>«ftdtbree4oiirite(J^i^  Xhedtt 

^ieetacMi  of  ilie  flwges  there  jA«^  be  a  faraoe  ihieoxdi^the  0{)  lurii 

i^  esliii&ig  down  the  ontdde  of  the  head  not  le»  than  two^  (9^ 

Efteh  riotahaU  be  provided  with  a  feoeBS  for  the  boh  headi  wUeb 

r JMl to  preveat  the  tuimngof  the  same.    There  shall  be  for  ea<&  head 

heftdliiier  one  (1)  indi  in  tiuekness  and  eonfonning  to  the  out* 

tfie  headi  but  inecribed  in  a  circle  twenty-«i|^t  md  oneNei^ifii 

fneheB  in  cBameter.    Ihia  liner  cv  wear  plate  diali  be  fastened  to 

by  seven  (7)  fivo-€i^thB  (^  indi  cap  screws  throu^  the  head 

dotside.    Hiese  wear  plates,  whoiever  thqr  beeome  worn  down 

0^  inch  below  their  initial  surface  level  at  any  point  of  thefar 

!,•  most  be  retraced  with  new.    The  metal  of  whidi  these  wdar 

^lie  to  be  composed  shall  be  wluit  is  known  as  hard  machinery  iron 

contain  not  less  than  one  (1)  per  cent  of  combined  carbon.    The 

ik)l3rjBbn  must  be  smooth  and  must  give  miiform  bearing  for 

To  secure  the  derired  uniform  bearmg  the  faces  of  the  head 

[IHi'giround  or  machined. 

Steves  shall  be  made  of  six  (6)  inch  medium  steel 

ihailiiids  twenty-seven  and  one-fourth  (27^  inches  k»big  and 

and  five-tenths  (15.5)  pounds  per  lineal  foot. 

diall  be  drilled  with  holes  thirteeursixteenths  (^«)  of 

^Ite^ter,  two  (2)  in  each  end,  for  bolte  to  fasten  same  to  head, 

fiili  <»f  tiie  holes  being  one  (1)  inch  from  either  end  and  one 

(1^  indies  either  way  from  the  longitudinal  centre 

between  the  stoves  will  be  determined  by  the  accuracy  of 

lta#  ishall  not  exceed  five-sixteenths  (%e)  of  an  inch.    The 

le  of  each  channel  must  be  protected  by  a  lining  or  wear 

i^^  inch  thick  by  five  and  one-half  (5H)  inches  wide  Iqr 

(19^  inches  long.    The  wear  plate  shall  con^ 

'jplate  and  shall  be  riveted  to  the  channel  bj  ^ban^ 
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(3)  one-half  0^)  inch  rivets,  one  of  which  shall  be  on  the  centre  line  both 
ways  and  the  other  two  on  the  longitudinal  centre  line  and  spaced  seven 
(7)  inches  from  the  centre  each  way.  The  rivet  holes  shall  be  counter- 
sunk on  the  face  of  the  wear  plate,  and  the  rivets  shall  be  driven  hot  and 
chipped  off  flush  with  the  surface  thereof.  These  wear  plates  shall  be 
inspected  from  time  to  time,  and,  if  found  loose,  shall  be  at  once  re-riveted; 
but  no  wear  plate  shall  b-*  '^eplaced  by  a  new  one  except  as  the  whole  set 
is  changed.  No  set  of  wear  plates  shall  be  used  for  more  than  one  hun- 
dred and  fifty  (150)  tests  under  any  circmnstances.  The  record  must  show 
the  date  when  each  set  of  wear  plates  goes  into  service  and  the  number 
of  tests  made  upon  each  set. 

The  staves  when  bolted  to  the  heads  shall  form  a  barrel  twenty  (20) 
inches  long,  inside  measurement,  between  wear  plates.  The  wear  plates 
of  the  staves  must  be  so  placed  as  to  drop  between  the  wear  plates  of  the 
heads.  These  staves  shall  be  bolted  tightly  to  the  heads  by  four  (4) 
three-fourths  (^)-inch  bolts.  Each  bolt  shall  be  provided  with  lock  nuts 
and  shall  be  inspected  at  not  less  frequent  intervals  than  every  fifth  (5th) 
test,  and  all  nuts  shall  be  kept  tight.  A  record  shall  be  made  after  each 
such  inspection,  showing  in  what  condition  the  bolts  were  found. 

The  Frame  and  Driving  Mechanism, — ^The  barrel  shall  be  mounted  on  a 
cast-iron  frame  of  sufficient  strength  and  rigidity  to  support  the  same 
without  imdue  vibration.  This  shall  rest  on  a  rigid  foundation,  and  shall 
be  fastened  thereto  by  bolts  at  not  less  than  four  points. 

The  barrel  shall  be  driven  by  gearing  in  which  the  ratio  of  driver  to 
driven  shall  not  be  less  than  one  (1)  to  four  (4).  The  coimtershaft  upon 
which  the  driving  pinion  is  mounted  shall  not  be  less  than  one  and  fifteei- 
sixteenths  (l^Vis)  inches  in  diameter,  with  bearings  not  less  than  six 
(6)  inches  in  length  and  belt  driven;  and  the  pulley  shall  not  be  less  than 
eighteen  (18)  inches  in  diameter  and  six  and  one-half  (6^^)  inches  in 
face.  A  belt  of  six  (6)-inch,  double-strength  leather,  properly  adjusted 
so  as  to  avoid  unnecessary  slipping,  shall  be  used. 

The  Abrasive  Charge. — ^The  abrasive  charge  shall  consist  of  two  sizes 
of  cast-iron  spheres.  The  larger  size  shall  be  three  and  seventy-five  him- 
dredths  (3.75)  inches  in  diameter  when  new,  and  shall  weigh  then  approxi- 
mately seven  and  five-tenths  (7.5)  pounds  (3.40  kilos)  each.  Ten  sha5 
be  used. 

These  shall  be  weighed  separately  after  each  ten  tests,  and  if  the 
weight  of  any  large  shot  falls  to  seven  (7)  pounds  (3.175  kilos)  it  shall 
be  discarded  and  a  new  one  substituttrd;  provided,  however,  that  all  ol 
the  large  shot  shall  not  be  discarded  and  new  ones  substituted  at  any 
single  time,  and  that  so  far  as  possible  the  large  shots  shall  compose  a 
graduated  series  in  various  stages  of  wear. 

The  smaller  size  sphere  shall  be,  when  new,  one  and  eight  hundred  and 
seventy-five  thousandths  (1.875)  inches  in  diameter,  and  shall  weigh  not 
to  exceed  ninety-five  hundredths  (0.95)  of  a  poimd  (0.430  kilo)  each. 
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Of  these  spheres  so  many  shall  be  used  as  will  bring  the  collective  weight 
of  the  large  and  small  spheres  most  nearly  to  three  hundred  (300)  pounds, 
provided  that  no  small  sphere  shall  be  retained  in  use  after  it  has  been 
worn  down  so  that  it  will  pass  a  circular  hole  one  and  seventy-five  hun- 
dredths (1.75)  inches  in  diameter  drilled  in  a  cast-iron  plate  one-fourth 
(J4)  inch  in  thickness,  or  if  it  weigh  less  than  seventy-five  hundredths 
(0.75)  of  a  pound  (or  0.34  kilo.).  Further,  the  small  spheres  shall  be  tested 
after  every  ten  tests,  by  passing  them  over  such  an  iron  plate  drilled  with 
such  holes,  or  by  weighing,  and  any  which  pass  through  the  holes  or  fall 
below  the  specified  weight  shall  be  replaced  by  new  spheres;  provided, 
further,  that  all  of  the  small  spheres  shall  not  be  rejected  and  replaced  by 
new  ones  at  any  one  time,  and  that  so  far  as  possible  the  small  spheres 
shall  compose  a  graduated  series  in  various  stages  of  wear. 

If  at  any  time  any  sphere  is  found  to  be  broken  or  defective  it  shall  at 
once  be  replaced. 

The  iron  composing  these  spheres  shall  have  a  chemical  composition 
within  the  following  limits: 

Ck)mbined  carbon Not  less  than  2.50  per  cent 

Graphite  carbon Not  more  than  0.10  per  cent 

Silicon Not  more  than  1.00  per  cent 

Manganese Not  more  than  0.50  per  cent 

Phosphorus Not  more  than  0.25  per  cent 

Sulphur Not  more  than  0.08  per  cent 

For  each  new  batch  of  spheres  used  the  chemical  analysis  must  be 
furnished  by  the  maker,  or  be  obtained  by  the  user,  before  introduction 
into  the  charge;  and  unless  the  analysis  meets  the  above  specifications, 
the  batch  of  spheres  shall  be  rejected. 

The  Test, — ^The  rattler  shall  be  rotated  at  a  rate  of  not  less  than  293^ 
nor  more  than  303^  revolutions  per  minute,  and  1,800  revolutions  shall 
constitute  the  standard  test.  A  counting  machine  shall  be  attached  to 
the  rattler  for  counting  the  revolutions. 

A  margin  of  not  to  exceed  ten  revolutions  will  be  allowed  for  stop- 
ping. In  case  a  charge  is  allowed  to  run  several  minutes  beyond  its 
proper  termination,  and  the  loss  incurred  is  still  within  the  prescribed 
limits,  then  the  test  shall  not  be  discarded,  but  the  fact  shall  be  entered 
on  the  record. 

Stopping  and  Starting, — Only  one  start  and  stop  per  test  is  regular 
and  acceptable.  If  from  accidental  causes  a  test  is  stopped  and  started 
twice  extra,  and  the  loss  exceeds  the  maximum  permissible,  the  test  shall 
be  disqualified,  and  another  shall  be  made. 

The  Results, — ^The  loss  shall  be  calculated  in  percentage  of  the  original 
weight  of  the  dried  brick  composing  the  charge.  In  weighing  the  rattled 
brick,  any  piece  weighing  less  than  one  (1)  pound  shall  be  rejected. 


M 


^K 


m 


"'rMm'i^^^W^ 


mi^^^; 


^■i 


iMMttUltiS  MlltillU0ttl^  <il0« 

be  kqiit  and  reported  k  as  ffAows: 

^'         BVQST  or  BTANDABD 


^^r-3SSiJl 


Hame  of  fim  ftmikhing  Maqile. . ...... 

Mane  of  the  fina  mannftMfciiriBs  Maqile 
BridfB  €r  job  iHudi  Mo^  NpraMttts 

BftUMk  or  nuttloi  on  tbe  btiok 

Qoantity  funudied 

Date  xeoehred 

Lenath Breadth 


Number  of  charges  tested  siiioe  last  hiqieetiaii.  • . .  • « v^  i^««.4 


Weight  of  charge  (after  staodardisatkm). ........  ^  ^  .4:^1 

Coadition  of  locknuts  on  staves ^;.  «^, 

Coodition  of  scales. 
Ten  large  spheres . . 

Small  spheres 

Total 

Number  of  charges  tested  since  stave  linii 

Repairs  (Note  any  repairs  affecting  the  conditioii  of  tka|| 

m 

Running  Data         '^ 

Time  readings — ^Hour Minutes *  ll.| 

Revolution  counter  readings Rum^Sia 

Beginning  of  test 

Final  reading 

Weights  and  Calcu]atioii% 
Initial  weight  of  ten  bricks . 
Final  weight  of  same 

Loss  of  weight P< 

Note:  (The  calculations  must  appear) 
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Number  of  broken  bricks  and  remarks  on  same 

I  certify  that  the  foregoing  test  was  made  mider  the  specifications  of. 
and  is  a  true  record. 

Signature  of  tester 

Date Location  of  Laboratory 


Construction  of  the  Pavement. 

Foundation. — ^The  foundation  shall  be  a  concrete  base  as  shown  on 
the  drawings. 

Sand  Cushion, — Over  the  foundation,  which  must  be  thoroughly 
cleaned,  shall  be  spread  to  a  uniform  depth  of  one  and  one-half  {l}/^ 
inches  (after  rolling)  a  cushion  of  clean,  sharp  sand,  free  from  foreign 
matter,  except  that  it  may  contain  not  to  exceed  10  per  cent  of  loam. 
The  sand  must  be  fairly  well  graded  from  one-quarter  (J4)  inch  to  that 
which  will  be  retained  on  No.  50  standard  mesh  sieve.  The  word  '*sand" 
includes  broken  stone  or  slag  meeting  the  specified  grading. 

The  cushion  shall  be  carefully  shaped  to  a  true  cross-section  of  the 
roadway  by  means  of  a  template  having  a  steel-faced  edge,  covering  at 
least  one-half  (J/^  the  width  of  the  brickwork,  and  so  fitted  with  rollers 
as  to  be  easily  drawn  on  the  ciu-b  and  guide  timbers  or  rail. 

Template. — ^The  template  shall  be  built  in  substantial  accordance  with 
the  plans. 

Guide  Timbers. — Guide  timbers  shall  be  one  and  one-half  (IJ^)  inches 
by  four  (4)  inches  by  sixteen  (16)  feet,  dressed  on  two  sides,  laid  to  a  true 
surface  in  the  centre  of  the  street,  and  also  next  to  the  ciu-b  if  the  ciu-b 
cannot  be  used. 

Shaping  Cushion. — ^Before  shaping  the  cushion,  one-talf  (}/Q  mch 
strips  shall  be  laid  on  the  c\u*b  and  guide  timbers,  or  rail,  and  the  tem- 
plate shall  be  drawn  over  the  same,  after  which  the  one-half  (J^)  inch 
strip  shall  be  removed,  and  the  cushion  shall  be  slightly  moistened  and 
rolled  over  its  entire  siuface  with  a  hand  roller.  The  roller  shall  not  be 
less  than  thirty-six  (36)  inches  in  diameter  or  twenty-four  (24)  inches  in 
width,  and  shall  weigh  not  less  than  ten  (10)  poimds  per  inch  of  width. 
It  shall  have  a  handle  twelve  (12)  feet  in  length.  After  rolling,  the 
template  shall  be  drawn  over  the  curb  and  guide  timbers  or  rail,  to  com- 
plete the  cushion,  which  shall  be  prepared  at  least  fifty  (50)  feet  in  ad- 
vance of  the  brick  laying. 

Laying  the  Brick. — ^The  brick  shall  be  laid  in  straight  lines  on  edge, 
at  right  angles  to  the  ciu'b.  At  intersections  they  shall  be  laid  as  directed. 
Brick  shall  be  laid  with  the  lug  sides  all  in  the  same  direction.  Brick 
must  be  placed  close  together,  both  ends  and  sides,  breaking  joints  at 
least  three  (3)  inches.  At  every  fourth  course  the  brick  shall  be  driven 
together  to  secure  tight  joints  and  straight  courses,  and  all  thick  brick 
shall  be  removed.    Brick  shall  be  used  with  the  best  edge  up.     Broken, 
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%e  kept  dew  Mid  ^{mii  to\lh0 
fftthm  ODe-quarter  (}0  of  itt  liik 

Ihe  flpiRoe  befeweea  the  irob  ol  IfeMifift 
ofiOMit  mortar,  conriBting  of  two  01)  pifllf 
f^^Uaiid  oemeat.    llio  iBOcter  diril  bo  ii^r 
8mU  be  conrtructed  to  a  straii^t  Vsm  brfiib 

B^fpanticn  J0init$  for  Cemmt  €hmil 
piaeed  paralkl  with  and  at  each  of  the 
m^iuM  <1H)  indm  in  width.    The 
tqgelher  on  edge,  paraM  with  the  onb^ 
(6)  inches  in  widfli,  and  dreawd  on  two  -.  ftiiJiK 
mob  shall  be  one  (1)  indi  wide  on  top, 
half  0^  inch  at  the  bottom,  and  the  sb^ 
the  same  dimensions  and  idaced  hi  a 
be  laid  lightly  agamst  said  strips.    Bomwf^ 
grouted  and  the  cement  filler  has  set,  and 
respects  finished,  the  strips  shall  be  removed,  the 
out,  and  inmiediately  completely  filled  with  # 
of  a  material  which,  wh^i  penetrated  by  AJKotJl 
of  200  grams  for  one  (1)  minute  at  a 
have  a  penetration  of  not  less  than  20,  and  iUmi 
needle  under  50  grams  for  five  (5)  seoonds  ;teiK 
Fahr.,  will  not  have  a  penetration  of  over  10Ql» 

A  premoulded  expansion  strip  made  of  * 
action  of  water  or  street  liquids  may  be  used 
meets  all  the  requirements  tor  the  jdnt  filleei 
strips  shall  not  be  less  than  three-quarters  j(JII0> 
a  thirty  (30)  foot  street  or  under,  increasing 
to  one  and  one-half  (1}/Q  inches  in  width  for  4; 
over.  ,ti 

Rolling, — ^After  the  brick  in  the  pavement 
and  the  surface  swept  clean,  the  pavement 
weighing  not  less  than  three  (3)  nor  more 
lowing  manner:   The  brick  next  the  curb  At^ 
wood  tamper  to  the  proper  grade.    The  rolUuil 
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^^oeitlirie  of  the  womimy  ^  f^aickBi4  ^Sb^  ydm/l^g^ 
lagipcMntt  0ii^<  i^         be  tvpeiited  in  the  pame  mftnaer  to  the  eiMitt 
fOA^M>ay^    After  thie  first  paasng  of  llie  rblkr  tiie  pace  iiui)f>%l 
end  I6e  rdlHaiig  ooa^^  the  brick  pavemeDit  has  m  otiiflidtt 

Hie  pttvMient  diall  then  be  rolled  transversely  at  an  ingjki  fit 
^  (45)  di^grees  ttctm  ourb  to  ottrb,  repeating  the  rolMiif  iki'  iili 
f ev^'^five  (4&)  degree  directioiL    Before  and  after  this  tmosMm 
has  taken. phoe,  all  broken  or  injured  brick  must  be  faken  iq^itt# 
with  perfect  ones.    Hie  subrtitute  bride  must  be  farodif^to 
true  suifiaoe  1^  tamping.  v' 

ftoal  rcdfii^i  the  pavement  shaU  be  tested  with  a  ten  (10  lbo| 
edge,  hid  pandlel  with  the  ourb,  and  any  depression  exceeding  itee* 
(^  of  an  inch  must  be  taken  out.    ft  neoessaiyi  the  paveoittit 
ibe  again  rdled. 

'0rtbmd  Cement  Graid  Fitter.— Thb  filler  shall  be  composed  of  OM 

itack  of  fin^  clean,  sharp  sand  and  Portland  cement.    The  latter 

comi^  with  the  standard  requirements  given  elsewhere  m  this 


sand  shaU  be  dean  and  diarpi  fairly  well  graded  from  that  pasdng 
sieve  to  that  retained  on  a  100-standard  sieve.    Sand  shatt 
in  a  box  having  the  same  cubical  contents  as  one  sadc  of 
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any  grouting  is  done,  a  sufficient  amount  of  cement  and  an 
Mneont  of  sand  to  complete  the  work  prepared  for  grouting  at 
bat  not  to  exceed  one-half  (J^)  day's  run,  diall  be  thoorou^i^ 
!|by  iinfeB  the  mass  assumes  a  uniform  color.  From  this  mixture 
^not  eaeeeeding  two  (2)  cubic  feet  shaU  be  taken  and  placed 
box,  and  enouf^  clean  water  shall  be  added  to  obtidn  a 
^ihttte  wiK  p(»ietrate  to  the  bottom  of  the  brick.  From  the  time  the 
r^  a||iMed  until  all  is  rranoved  and  floated  into  the  joints  of  the 
r^tliK  mixture  must  be  kept  in  constant  moticm.  A  mecfaanicid 
by  the  Engineers  that  will  meet  these  requirements  may 
the  dry  mixture  of  sand  and  cem^it  has  been  made.  Beftxre 
tM^BfflBied  the  brick  shall  be  thoroughly  wet  by  being  gently 

MileB  shall  be  adkied  to  this  dry  mixture  in  a  box  preferat^ 

[|r>  leet  eight  (8)  inches  long,  thirty  (30)  inches  wide,  and 

.Inches  deep,  resting  on  legs  of  different  lengUis,  so  thiri^ 

iapidly  flow  to  the  lower  comer  of  the  box,  the  bottom 

be  idbout  three  (3)  inches  above  the  pavement.    One  box 

for  each  fourteen  (14)  feet  in  width  of  roadway,  and  at 

must  be  used  in  all  cases. 

be  removed  from  the  box  with  scoop  shovds  and 
in  front  of  the  sweepers,  who  shall  rapidly  silree% 
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and  thoee  between  the  brieks  and  tiieievA^ 
holes,  etc.,  diall  be  filled  with  ooatter 
with  the  following  requirements: 

Phynad  Properties.— Yfbm,  in  plaee  in^ 
such  character  that  it  will  adhere  Bnsicfiim 
curb,  and  shall  be  sufficiently  jdastio  to 
expansion  of  the  pavement  without  de 
filler  shall  be  such  that  it  will  retain  its 
pera(ture.    It  shall  be  proof  against  aetion^^lgi^ 
alkalies  to  which  the  pavement  may  be  expom(^i 
not  be  less  than  25  per  cent,  nor  more  than 
gravity  shall  not  be  less  than  1.23  ncv  more  tiiift 

MeUting  Point, — It  shall  have  a  melting  peJai 
6®  from  135°  Fahr.,  determined  by  the  cube 

Method  of  Use, — ^The  filler  shall  be  heated 
to  the  full  depth  thereof,  at  a  temperatiue  of 
nor  greater  than  350°  Fahr.    All  joints  shall  be 
top.    The  top  dressing  of  sand  shcdl  be  spread 
diately  after  the  filler  is  applied  and  while  it  i 
the  sand  shall  be  heated  so  as  readily  to  boiu| 
care  shall  be  used  at  the  gutters  and  around 
to  prevent  the  leakage  of  water  into  the  su' 

Test  far  Melting  Point  of  Pitch  FiUer. — A 
cube  of  the  pitch  is  to  be  formed  in  a  mould 
so  that  the  bottom  of  the  pitch  to  be  tested 
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bottom  of  the  said  beaker.  The  pitch  is  to  remain  for  five  (5)  minutes 
in  water  of  a  temperature  of  60®  Fahr.  before  heat  is  supplied.  Heat  is  to 
be  applied  in  such  a  manner  that  the  temperature  of  the  water  is  raised 
9®  Fahr.  each  minute.  The  temperature  recorded  by  the  thermometer 
at  the  instant  the  pitch  touches  the  bottom  of  the  beaker  is  to  be  con- 
sidered the  melting  point. 

Asphalt  Filler. — ^The  interstices  of  the  brick  shall  be  completely  filled 
with  an  asphalt  filler  heated  to  a  temperature  of  not  less  than  350®  Fahr. 
nor  more  than  450®  Fahr.  This  asphalt  filler  shall  not  contain  pitch  nor 
any  part  of  coal  tar.  It  shall  contain  at  least  ninety-eight  (98)  per  cent 
of  bitumen  soluble  in  carbon  bisulphide.  It  shall  remain  pliable  at  all 
temperatures  to  which  it  may  be  subjected  as  a  street  paving  filler;  it 
shall  be  absolutely  proof  against  water  and  street  liquids;  it  shall  firmly 
adhere  to  the  brick  and  be  pliable  rather  than  rigid.  Care  shall  be  exer- 
cised completely  to  fill  all  openings  around  street  structures,  and  the  street 
shall  not  be  used  for  traffic  until  the  filler  is  thoroughly  set.  A  top  dress- 
ing of  sand  shall  be  spread  immediately  after  the  filler  is  applied  and 
while  it  is  still  soft. 

The  penetration  shall  conform  to  the  following: 

No.  2  needle,  5  sec,    100  grams  at  77®  Fahr.,  25  to  60. 
No.  2  needle,  I  min.,  200  grams  at  32®  Fahr.,  not  below  25. 
No.  2  needle,  5  sec,     20  grams  at  115®  Fahr.,  not  above  110. 

Maintenance, — ^The  period  of  guaranty  shall  be  five  (5)  years.  During 
the  said  period,  whenever  the  surface  of  a  vitrified  brick  pavement  be- 
comes uneven,  holding  water  one-fourth  (J4)  of  an  inch  or  more  in  depth 
in  a  distance  of  four  (4)  feet  or  less,  or  when  the  pavement  on  embank- 
ments has  settled  over  trenches  existing  previous  to  the  completion  of  the 
pavement,  then  the  brick  shall  be  taken  up  and  relaid  to  proper  crown 
and  grade. 

Any  brick  which  may  be  found  soft,  unsoimd,  broken,  or  disintegrated, 
and  all  portions  of  the  pavement  which  may  have  become  rough  by  reason 
of  the  chipping  or  breaking  of  the  edges  of  the  brick,  so  as  to  produce 
joints  exceeding  one-half  {}/2)  inch  at  a  point  one-quarter  (J^)  inch  below 
the  surface  of  the  brick,  shall  be  removed,  and  properly  replaced  with 
sound  material. 

P.  138.  Catch-Basins 

At  proper  intervals,  as  indicated  on  the  drawings,  catch-basins  are  to 
be  built  for  the  collection  of  water,  which  is  to  be  led  to  the  ground 
from  these  or  discharged  into  the  river  by  down-spouts. 

P.  139.  Dawn-Spouts  ^ 

Down-spouts  of  the  sizes  and  quality  indicated  on  the  drawings  are 
to  be  provided  at  the  catch-basins.     They  are  to  be  carried  to  the  ground 
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P.  141- KfiAer 

•  * 

The  sidewalk  flo(»8  are  to  be  built  of 
stantial  and  thorou^  manner  pmc^kMrn^im 
to  the  utmost.    Wherever  timber  oomes  jai, 
or  with  the  ste^  work,  it  is  to  be 
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All  holes  of  any  kind  which  are  bored  miii^^ 
thoroughly  saturated  with  hot  asphaltuni; 
washers  which  are  to  be  placed  m  direet 
tobe  wanned  and  dipped  mavat  of  tboss«|t. 

L  142.  OhmitoidJUAMI^ 

The  sidewalks  are  to  be  of  reinfOToed 
(. . .)  inches  thick,  as  is  indicated  on  the  Hitk 
brought  to  the  exact  surface  required  and 
tions  for  the  granitoid  are  to  be  one  (l)  part  cil' 
parts  of  clean,  coarse,  sharp  sand,  and  thrieie 
broken  so  small  as  to  pass  a  one-half  0^  indi 


P.  143.  Expansion  Plates  fat 
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At  all  expansion  points,  the  open  spaces  ia  tbtt 
are  to  be  covered  with  steel  plates  fastened  at 
at  the  other. 

P.  144.  CorureU  SidmoOlf^ 

Concrete  sidewalks  on  ground  or  em 
as  follows: 

The  sidewalks  shall  not  be  built  imtil  the 
soft  or  unsuitable  material  found  in  the  su 
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the  space  filled  with  bank  gravel,  cinders,  or  other  satisfactory  material. 
Ihe  sub-grade  shall  be  compacted  and  brought  to  correct  elevation  by 
rolling  or  tamping  to  the  satisfacticm  of  the  Engineers.  Concrete  mixed 
as  herein  specified,  of  proportions  one  (1)  part  of  cement,  three  (3)  parts 
of  sand,  five  (5)  parts  of  broken  stone  or  gravel  to  pass  a  two  and  one- 
half  (2J/^)  inch  iron  ring,  shall  be  placed  on  the  sub-grade,  the  entire  thick- 
ness of  slab,  except  the  surface  finish,  being  placed  at  one  operation. 

The  upper  portion  of  the  sidewalk  slabs,  three-fourths  (%)  of  an  inch 
thick,  shall  consist  of  one  part  of  Portland  cement  to  one  and  one-half 
(1/^)  parts  of  sand.  It  shall  be  placed  and  finished  by  floating  before 
the  mortar  in  the  concrete  composing  the  remainder  of  the  slab  has  set. 

I.  145.  Pavement  Base  and  Curbs  on  Embankments 

The  surface  of  groimd  or  fill  is  to  be  thoroughly  rolled  and  compacted. 
The  rolling  is  to  be  done  with  a  roller  weighing  not  less  than  ten  (10)  tons, 
and  it  is  to  be  continued  until  the  ground  shall  be  brought  to  conform 

to  the  finished  grade,  being ( )  inches  lower  than  the  same 

and  parallel  thereto.  Concrete  mixed  as  herein  specified,  in  the  propor- 
tion of  one  (1)  part  of  cement,  three  (3)  parts  of  sand,  and  five  (5)  parts 
of  broken  stone  or  gravel  to  pass  a  two  and  one-half  (2J^)  inch  iron  ring 

shall  be  laid  thereon  to  a  depth  of ( )  inches;  and  the  entire 

thickness  is  to  be  placed  at  one  operation. 

The  curbs  on  the  street  and  embankmenjb  beyond  the  ends  of  the 
steel  work  are  to  be  made  of  concrete  as  above  specified,  and  finished  on 
the  exposed  front  side  and  the  top  with  mortar,  mixed  in  the  proportion 
of  one  (1)  part  of  cement  to  three  (3)  parts  of  sifted  sand.  The  mortar 
is  to  be  plastered  inside  the  form  immediately  before  the  concrete  is  placed 
and  the  top  finish  is  to  be  put  on  before  the  concrete  sets  hard.  The  curb 
is  to  be  cut  entirely  through,  making  blocks  not  exceeding  six  (6)  feet 
in  length.  All  exposed  surfaces  shall  be  carefully  finished  by  troweling  to 
a  smooth  and  even  finish;  and  they  must  be  left  free  from  irregularities 
and  depressions.  The  angle-iron  guard,  when  called  for  by  the  plans,  is 
to  be  placed  as  the  curb  is  constructed;  and  it  is  to  be  maintained  in 
p>osition  so  to  be  exactly  flush  with  the  finished  surface  of  the  concrete. 

P.  146.  Ma4Xidam  Pavement 

The  surface  of  the  roadway  shall  be  excavated  to  the  depth  required 
by  the  Engineers,  then  rolled  and  compacted  with  a  steam  roller  weighing 
not  less  than  ten  (10)  tons;  and,  when  thoroughly  compacted  to  the 
satisfaction  of  the  Engineers,  it  shall  be  left  true  to  sub-grade,  which  will 
be  twelve  (12)  inches  below  and  parallel  to  the  established  cross-section 
of  the  street,  as  shown  on  the  accompanying  plans.  Any  soft  or  spongy 
ground  shall  be  removed,  and  such  excavation  and  other  depressions  as 
may  appear  shall  be  filled  with  dry  earth  or  broken  stone  and  rolled  until 
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Tbe  ffamuig  of  aD  timber  is  to  lie  dUirt 
c«rpeiiterB|  with  neat  jc^nkig  and  tig^ 
woirk  m^  be  done  in  the  meet  sul 
caljde.    Ample  numbers  of  fastemngiBi  aa 
may  be  required  by  the  EngoieeiB,  ane 

All  timb^  bolts  are  to  be  of  soft  0MI  a^* 
gonal  heads  and  nuts  and  U.  S.  standard  "^ 

Wherever  timber  comes  in  oontacii  witb 
work  it  shall  be  thoroughly  coated  with  h^ 
are  bored  in  the  timber  are  to  be  effe<#v 
bolts  and  washers  which  are  to  be  placed  m 
are  to  be  warmed,  then  dipped  in  hot 
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P.  150.  Machinery  and  Shelter  HouaeBl^ 

All  materials  used  in  the  construction  of 
shelter  houses  shall  be  of  the  best  quali^.    Aft4 
seasoned  material;  conforming  to  the  {xrecediOfl^ 
timber,  except  that  the  rough  floors  and  the  fiiMli 
ond  quality  material.    All  mill-work  shall  be 
and  finished.     The  windows  shall  be  of  doub 
with  sash  weights  and  proper  catches.    The 
mitered  construction  one  and  three-quarters  (I 
be  provided  with  satisfactory  hinges  and  loda}^ 

Houses  shall  be  built  on  nailing  strips  bolt^ 
floors  shall  be  not  less  than  two  and  one-half . 
rial  sized  to  thickness,  on  which  shall  be  lai<i 
ing  two  (2)  inches  thick  and  surfaced  on  one 
two  (2)  by  six  (6)  inches,  unless  otherwise 
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with  one  (1)  inch  plank  sized  to  thickness,  placed  diagonally  on  the  stud- 
ding and  covered  with  building  paper  and  with  approved  German  drop 
siding.  The  inside  of  studding  and  ceiling  joists  shall  be  covered  with 
three-quarter  inch  tongued-and-grooved  ceiling.  Adequate  bridging  and 
bracing  shall  be  used  as  may  be  directed.  Galvanized  iron  gutters  and 
down  spouts  shall  be  provided  to  take  all  water  from  roofs  and  carry 
it  below  the  roadways.  The  rafters  shall  be  sheathed  with  one  (1)  inch 
dressed  plank  and  covered  with  first  class  standing-seam  tin  roofing,  to 
the  satisfaction  of  the  Engineers.  One  coat  of  approved  paint  shall  be 
applied  to  the  underside  of  the  tin  before  laying,  and  the  finished  roof 
shall  be  painted  with  two  coats  of  approved  paint.  Ridges  shall  be  fin- 
ished with  galvanized  iron  ridge  rolls,  No.  18  gauge.  There  shall  be  pro- 
vided an  approved  terra  cotta  flue  and  a  chimney  properly  placed  and 
supported;  and  a  stove  and  piping  shall  be  fiunished  and  set  upi 

All  enclosed  or  covered  structural  steel  in  houses  shall  receive  the  full 
specified  painting  before  the  houses  are  built.  All  houses  shall  be  painted 
within  and  without  with  a  coat  of  filler  and  two  coats  of  first-class  house 
paint  of  colors  to  be  selected  by  the  engineers. 

P.  151.  Machinery  Houses  and  Shelter  Houses  of  Fireproof  Construction 

The  machinery  houses  and  shelter  houses  are  to  be  of  truly  fireproof 
construction,  consisting  of  steel  frames,  reinforced-concrete  or  metal  floors, 
and  approved  metal  lath  and  plaster  walls  and  roof.  The  steel  used  therein 
will  be  paid  for  at  the  same  price  as  the  other  carbon  steel  of  the  river 
qianSy  and  the  floors,  walls,  roofs,  windows,  and  doors  will  be  paid  for  at 
the  schedule  rates  (or  by  the  lump  sum)  named  therefor  in  the  Con- 
tractor's tender.  The  windows  and  doors  are  to  be  built  in  the  best  prac- 
ticable manner  according  to  the  detailed  plans;  and  the  Contractor  will  be 
expected  to  furnish  at  his  own  expense  all  necessary  materials  and  fittings 
of  best  quality  and  to  the  satisfaction  of  the  Engineers.  The  roof  shall 
be  covered  with  tarred  felt  of  the  best  quality,  put  on  in  the  usual  manner 
and  to  the  satisfaction  of  the  Engineers.  There  shall  be  provided  an 
approved  terra  cotta  flue  and  a  chimney  properly  placed  and  supported; 
and  a  stove  and  piping  shall  be  furnished  and  set  up. 

P.  152.  PermaTient  Stairways,  Runways,  Platforms,  Etc, 

The  Contractor  shall  furnish  all  the  materials  for  and  shall  build  com- 
plete all  permanent  stairways,  runways,  and  platforms,  painting  all  wood- 
work with  filler  and  two  coats  of  paint,  all  in  accordance  with  the  plans 
fiunished  and  with  the  instructions  given  by  the  Engineers. 

P.  153.  Smoke  Protectors 

As  shown  on  the  drawings,  the  smoke  protectors  shall  be  constructed 
with  metal  lath  and  Portland  cement  mortar,  mixed  in  the  proportion 
of  one  (1)  part  of  cement  to  two  (2)  parts  of  sand. 
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tlie  rails  are  ta  be  bonded  bgr  ihe 
bonds,  similar  to  Bond  Na  719S  of  ikut 
etfitiu  Q/Q  inch  tmninab  aUd  4-0 
under  the  angle  bars  at  ^aoh  jrait  of 
pmpeA^  compressed  into  Iredily  <bffledt 
bonds  of  4-0  cable  with  similar  tenn&uls  iiii 
the  rails  of  each  track  not  more  than  %m 
of  sunilar  si^e  are  to  be  placed  aroond  aH 
the  rails  in  a  workmanlike  manner  to  tbei 
All  bonds  are  to  be  furnished  and  plaoed  bgr 
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V.  156.  BaOwaifD^'^^ 

This  clause  should  state  who  must 
and  who  is  to  place  them. 

EXAHPLB 

The  Contractor  shall  furnish  and  put  in 
the  Engineers,  all  the  materials  required  for  tiki 


V.  157.  CcmduUs  and  Gas  Pipes  for 

Reference  should  be  made  to  the  dra 
layout  for  the  conduits  and  gas  pipes  for  the 
points  between  which  the  conduits  and  gas 
placed.    The  sources  of  supply  should  be 
each  conduit  should  be  specified,  and  all  d 
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thete  ockduito  aire  to  b^  attaeyd  to  llie 
^  flideinillQK;    M  eomieetioiis  tte  to  be  made  ao 


a&  IbAit  bndDefe  ^tmu  Ittter  be  eaaBy  ^hniin^  into  tile  einiiriiiii^;^? 
fafopea  riialt  ]be  faoi^iiledi  opia  l)ang  plaoed  at^  ui9  top^^^  # 
All  Jc^iMa  111.  tbe  ]m>^:ftod  JM^^  bei^wean  fHpes  and  bcaq|^)v^^H^ 
ifffiijki!^^  BoinB  in  faaaea  (rf  poato  are  to  lum^jEmi^jpi^ 

€a8  piping  k  to  be  provided  and  located  aa  deseiibed  for  tbe  oqikI^^  *    ^ 
ia  tf>  i^tiieeb  upward  to  the  top  of  the  Ii|^t  poat  and  be  ittief^ 
with  a  cut^  valve.    All  gas  pipe  is  to  be  of  sini^e  strengiflt   j 
^JOMok  internal  diameter^  free  from  aU  flaws,  and  joined  and  fitted  i^ 
atnanner  tliait  no  leakage  of  gas  can  occur.    Each  expoaad  end 
flbaK  be  eevered  with  .a  cap. 


'1 


V.  158.  Lamp^posts 


^l^ilkse  4ididd  specify  the  material  from  which  the  lamp-postB  ait 
Ili^^J^  instance,  cast  iron,  bronse,  or  conaiete,  also  the  requjie- 
aa  to  fittiii^,  c<mnectic»8,  finish,  and  workmanship  in  geneiaL 
drawings  should  be  referred  to  for  details  and  dimensions,  unless  a 
atttidaard  make  is  to  be  employed,  in  which  case  this  fact  siioald 


EXAHPIiB 


y 


1^' lalli^^^     shall  be  of  cast  iron  of  best  quality.     Th^y  shall  be 

^  a^'^tusat  in  finish  and  of  the  dimensions  called  for  on  the  draw* 

Sbiqri  1^^  be  firmly  bolted  to  the  hand  rail  posts  (unless  they 

aob  in  tliat  capacity),  and  a  lead  gasket  diall  be  placed  be* 

them  to  ensure  perpendicularity  and  to  keep  the  iron  from  staining 
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¥•  169.  Carrying  of  Water-Pipea 

l^iould  rder  to  the  drawings  for  the  location  of  the  watear^ 
llkbuld  specify  the  sise,  kind,  and  niunber  of  lines  of  pipe  to 
The  points  between  which  tbe  pipes  are  to  be  furnished 
Ifaa  Contractor  should  be  given,  as  wdl  as  the  sources  of 
for  eo^ansion  and  contraction  under  tempemtura 
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ii  io  be  made  far  I3ieir 
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V.  IflO.  PiptLb 
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There  shall  be  given  here  a  ffiliiMI 
liicfiealltig  the  source  of  eupply,  Ibe 
Hilgthi  rise,  and  character  of  the  pl^ 
diaraGter  cxf  the  i»pe  on  the  bridge,  id 
gM  attaching  it  to  the  strwture.  '  '^^ 

As  an  example  Hbe  followfaig  is  ({ootecl 

"nsSIIHHIKIH    1  t    ^ 

The  aouroe  of  supply  will  be  the  Leavenwflitli^ 
of  which  paeses  throu|^  the  yard  of  the  eoajne 
This  main  is  to  be  cut  for  the  iiiBertioii  of  a  Te^  tosl 
hidi  line  nmning  eastward  in  a  straight  Unb  spfiaH 
feet  tin  it  reaches  the  brow  of  a  hiH,  whore  it  wBI 
line  diaefwially  down  the  slope  to  the  weetcm 
is  to  be  located.    The  total  length  of  four  (4)  ii»d^ 
and  eighty  (780)  feet.    There  will  be  one  hocisooiijl 
idiole  length  of  four  (4)  inch  pipe  line.    These  SsHrsi 
stances  will  permit. 

After  leaving  the  meter  the  diameter  of  the  pl|ie  |i9t 
It  will  pass  from  the  western  approach  onto  the  bridgs^ 
being  blocked  up  therefrom  so  as  to  rise  at  the  rate 
(500)  to  the  middle  of  the  main  span,  after  which  it  wiB 
the  east  end  of  the  eastern  span  is  reached.    It  will  tfa^ 
wagon-way  to  the  railway  trestle,  after  reaching 
upper  surface  of  the  ties,  upon  which  it  will  rest  outside  i^l 
to  same,  extending  to  within  fifty  (50)  feet  of  the  end  of 
of  two  (2)  inch  pipe  will  be  about  twenty-six  hundred  sad 

Specifications  for  Pipb  IXKm 
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It  is  the  intent  and  purpose  of  the  following 
necessary  to  make  the  pipe-work  and  other  apparatus'^ 
be  omitted  in  these  specifications  which  is  necessary  for 
line,  the  same  shall  be  supplied  by  the  Ck>ntractor 

Undbroround  Pipb 

The ( )  inch  pipes  shall  be  of  cast  iron 

pressure  of ( )  poimds  per  square  inch 
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^MK'iMiilii  liibi  .'i'.^.^«. . «-ii ^4- «vk)' Iwdiift.'^ -4ci|ptfi.:.  Moppet 

dt  p^  rfuJI  ibow  a*diup,  grqr  imeture.    The  use  of  aorap  In  midMNK  "^ 
mSLw^  be  penni^ed.    The  Ckmtcaetor  diaH  be  lequired  to;  fuioiril  #  inritlaB 
of  tfae  melvfli  of  the  oaet  iioii  inpe  end  special  oasiiii^B  to  tbe  dleel 


;^i^'f^^ 


and  iqMQiaii  have  been  subjeeted  to  an  hyd^auHc  ptm/aXB^m^ . 
:^«.)  pounds  per  sqiiave  inch  and  have,  at  the  same  time,  withstood  a  cai^iit 

a  heavy  sounding  hammer.    Any  lengths  of  pipe  idiich  show  xiamafi 

kflF**f1*«^  or  flipping  shall  be  rsjeeted;    When,  in  the  praseeution  of  tte.^ieft,^ft 

^Ipetaass utaSBsry  total  pipc^  the  ends  of  the fripe  so  eut  shall  be  efaiseled  dtumoMik 

with  the  plane  df  the  ftM)e  at  ri|^ 


LiLTpro  FlPiB  IN  TnmcpBB 

44  P^  must  be  fitted  on  the  surface  oi  the  ground  to  insure  proper  joiiiting,  aii4 
lidd  in  the  tnodi  shaU  be  tme  to  line  and  gnde.    A  pit  under  eaeh  joiol  iiuiU 

liBKvated  bf  Stiffi         depth  and  width  to  admit  of  thorou^  oanlidttgof  the'JdbiU^ 

mnit  be  done  with  pKoper  tools.    Every  i<^t  must  be  padced  wil^  oakum  mi 

the  leid  JoIbA  ttf  be  not  leas  than  two  (2)  inehes  in  depth;  and,  when  cabO^ 

shaH  be  water  laigaiL  In  laying,  the  axes  of  the  adjoming  sections  shall  be  in  liii 
straii^  line;  and  the  pipe,  idien  laid,  shall  rest  upon  an  oval  bed,  escavsted  Im 

litfWiiihfar-JlarBQeption. 
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t  SnBCEEAL  CABTEtfOB  KMt  FlPIB 

eMiogi  diafi  be  of  best  quality  of  gray  iron,  the  uae  of  sen^  not  bcteg 
TiMy  shsfl  have  aH  turns  or  oomen  moulded  off  to  eaiQr  eurvatis^  and 
tShiriaiKKith  on  inner  surface,  with  dear  openings  not  less  than  the  diameter  of  tha 

tlpe*    The  weiijht  of  the T^ 

( )  pounds. 


Gatb  Valves 


lifeal  be  two  gate  valves  in  the. (....)  indb  pipe  line,  one  boated 

^i^  iMi  the  hiltiai  point,  and  the  oUier  a  Theyshafi 

ol  the  double  gate  pattern,  of  the  sliding  type,  and  of  neat  workman** 
built;  and  they  shall  be  provided  with  oompositiQn  stems  and  bell 
iilllfmi  and  seats  shall  be  of  nonnxMrosive  metal.    Both  valves  shaH  be  cased 

^910^06:  U  the  ground  with ( )  inch  iron  casing,  and  diall 

mSlt$4iagiMe  bonnet  or  cover  having  a  movable  Ud.    Three  (3)  valve 
"^famhed  for  each  valve. 
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MXTBB 

'^1»e  used  dull  be  a (....)  inch  Standard  Crown  Meter, 

».|heip|^  manner  inside  of  a  circular  pit  wdl  lined  with  a  concrete  wall  at  kent 
..•:|. .  ^;)  indies  thick.    The  top  of  the  pit  is  to  be  provided  with  a  cast  iron 

^^*iiidrfteiiie.    Hie  internal  diameter  of  the  pit  is  to  be ( ) 

^€m  epening  at  the  surface  of  the  ground / .(. . . .)  feet; 
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Tbxnchbs 

Id  be  dug  as  narrow  as  practicable,  and  in  no  case  leas  than  four 
:ilil  deep.    Should  rook  be  encountered  in  the  trenehes  (whieb  is 
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It^M'ttt  1»  Mdokiy  and  ilMiiviir  irttaTliiiill  itf  ^ 

mbi  pipe  en  the  Btraetaie  riuJl  be  taafy 
mento  iriuill  foe  made  for  eipeimion  sad  weltmMm^i 
of  one  (1)  inch  in  emy  one  faimdied  (100)  feel. 

(.•••)  eipeiMiinn  jomte,  locMtedM 

Jomta  dball  foe  oif  appcofed  pattem  and  SMtei 
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Lnoor  Hcpa  and  Bom^ 
There  shall  foe  provided.  .••.•.•••••(••••) 
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hoae  of  the  best  quality,  each ^  •(•  •  • «}  bA 

coupling  and  three-quarter  (^)  inch  noude  eomiilflte. 
provided  and  secured  in  place  (the  positioiia  being 
wooden  box  with  a  good  lock.    The  locks  on  all  Hie  booM 
(....)  keys  must  be  furnished.  ••  '^y? 


Paiktinq  ths  Pipb  Lani---i 

All  pipe  work  and  fittings,  whether  under  ground  or 
coated  on  both  outside  and  inside  with  piue  aqihaltiail 

i 

MaTERIALB  AMD  LaBOB  ON  FlHi 
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All  materials  used  shall  be  of  the  best  quality  of 
labor  shall  be  perf omied  in  a  thorough  and  warkmanlika 

Test  of  Pipii  Linb    .  ^^g 

After  the  completion  of  the  work,  the  entire  pipe 
Engineers,  and  shall  be  tested  by  turning  the  water  on. 
complete  until  after  the  pipe  line  has  been  in  use  two  0^:^ 
before  the  expiration  of  such  time  shall  be  remedied  fag^^j 
charge,  to  the  complete  satisfaction  of  the  EIngineaEB* 
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ii  Tbb  mtMA^m  ^ait  atid  oT  «be  flMte  of  euAs  iq;r  W 
tfe^b^ih^  tlii fbtteiwiic  meOiodt  ^  f|i| 

^ttdaytf^^  Batiflfaetdiy  t6  lito 

h^iiimMf^M^  aodbdiraige  for  jBaboeiqpiaai  wai 

JHeTstJie  praning  ooat  has  dried,  there  shall  be  ^pi^ed  trith  mollis 
ijr  coatiiig  of  fiaroo  No.  6  waterpaxx^fing  intch  (or  similar  watarpioQ^ 
fitdti  satiaCaetCHy  to  the  Eo&Dem)  whidi  has  be&k  heated  to  a  tHi^  ^ 
(400°  Fahrenheit;  and,  whik  this  poaterid  is  stitt  hot,  thers^i^ 
"^^Mi  ^  a  laifer- 0^^  (8)  o^oe,  qpeilMneBh  boiU^^ 

iiikA'illMk  wateriHbofing  pitch.    The  mnfabe  of  13^  t^ 

)ieiifei%  8^^         with  the  waterpnx^ng  intoh  ^pediBi^^^ 

Is^  df  cSjS^t  QS)  ounce,  op^-mesh  burlap  shall  be  i^  &' tli^ 

'iailbMr,'  inoaJdng  a  two-ply  buriap  mat  thoroui^  saturated;  i^ 

y^akd'  bonded  together  into  the  concrete  with  the  wat^rprobliiig; 

iltibtlier'  cc^iing  thereof  shall  be  applied  as  before,  and  on  t^ 

ihallb0  placed  a  kyer  of  aq>hal1ic  felt,  wei^iing  not  lesB  iliijit 

^^  pounds  per  hundied  square 

'^i^S^  and  eeeled  with  waterproofing  pitch.    Ihe  surface  of  the 

Iral^^iydL  be  swabbed  with  the  said  pitch  and  covered  with  a.mie- 

thideness  ct  Saroo  Mastic,  or  other  asphaltic  mastic  satisfactory  to 

This  shall  be  carried  up  the  curb  walls  to  the  top  of  the 

|b  iS^  ib:  protect  the  waterproofing  mat  against  punctures  from  th^d 

The  surface  of  this  mat  shall  be  heavily  swabbed  willl 

p|^dfiod,  and  shall  be  given  a  sand  finish  while  the  material 

joints  coiinecting  the  waterproofing  to  the  curb  alid 

joints  shall  be  made  as  may  be  directed. 

mdgt  Wood  Block  PaoemenL 

$mA  dry  surface  of  the  concrete  slabs  and  curbs  there  shaft 
with  brushes,  a  coating  of  Saroo  concrete  primer,  or  other 
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«iN^^ wiOi tiie jMid piteh;  ap^ Nvt'^'^ 
tie  placedi  mi  H  one  lajyer  of  aqmltki  i^ 
i^fgm^  p^  Imodrsd  atiottPelpi^ 

IN^  aealfld  mth  w^tji^^ 
he  heavi^  swabbed  with  tlie.«i^|l 
Ibiei jDwterial fe etOl hot^    Tla3mmxiA» 
^  jpaveiiieDt  is  in  place.  .  I^Rpper  J 
to  tte  curbB  and  at  tiie  ezDaoflifiii  ieiote 
IIP  Ofuqr  be  direeted* 
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The  Ckmtracto  for  ErectiM  diaU 
baiges,  and  equipnijenti  and  ahall  eract^  ^ 
work.    Attention  is  called  to  the  &ct  thuty 
all  trusses  and  towers  are  to  be  assembled  la^ 
all  field  connection^  in  the  floor  fliystem  aif  t(C> 
are  assembled,  or  by  using  an  accurate  steel 
columns,  and  simHar  members  aie  to  be 
erected  in  accordance  with  such  marking, 
furnish  and  supply  without  charge  all 
erection. 

All  parts  are  to  be  carefully  handled  and 
cessive  hammering  which  would  injure  or  distOH^; 
be  resorted  to.  '  ,./ 

Truss  spans  shall  be  erected  on  blocking 
the  proper  camber,  and  the  blocking  shall  be 
imtil  all  truss  connections  are  completely  riveted 

Bearing  surfaces  shall  be  cleaned  before 
rollers  and  sliding  shoes  shall  be  both  cleaned 
nections  shall  be  accurately  and  securely  fitted,  f 
driven.     Holes  which  do  not  match  shall  be 
distort  the  metal  or  gouging  shall  not  be 
shall  be  placed  in  at  least  every  third  hole. 
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afl  iiMiniaaty  a4j|!i8lmefit8'axid  (xxn^dtions  m^^^^^ 
iniji^  <kHJtieetioiii.    A  usoftl  aioount  of  driftwi^i  diilEbig; 
hid:  tdtmecAS^^  and'  <d  ikiBfSng,  ^xn^  and  pre|MU()i^^ 
I  and  ia  to  be  doni^  by  the  BreetlBK  Ckmtrai^ 
!WhiBii6viea*/m  the  optaiiofi  of  the  Ikigiiieera,  theiili' 
gl'titnigaBl  and  nmeaacmable  amount  iji  oortection  of  dic^ 

of  manufactured  articles,  ihe  EntOiag  Oontractor 
^Aiioii  aa  '^UnetaaBified  Work^'  under  this  contract;  provided/ 
^^ritM  tfai  Ereelfaig  Contractor  racount^B  caaiis  wherela  im 
aedma  properly  due,  he  ahall  call  the  attention  of  the 

atid  ]{ I3ii^  decide  that  ^  case,  they  will  gh^  a; 

iibd  the  Breetlac  Contracts  shall  perform  the  work  and 
lecel^ptod  detaited  Inlls  and  vouch^  for  all  expeoaeB  incurred^  te 
tEbder  the  ^'TTnclaBsified  Work''  dause.  No  claims  fra*  extnii 
oil  adeh  work  will  be  ccmsidered  at  all,  unless  a  definite  written  okdeir 
giben  Hierefor  by  the  Btig^neens  before  the  said  extra  wcnrk  is  started. 
#B  EioipiieeiB  decide  in  any  such  cases  brought  to  thdr  attaitiooi  thai 
payment  Is  not  proper,  the  beetfng  Contractor  shall  proceed  to 
tt»  work,  but  no  extra  pajrments  will  be  made  and  no  dibak 
be  considered.  All  extra  payments  allowed  the  Eredlit 
Idr  eoRectang  shop  errors  shidl  be  paid  lyy  the  Purchaser  ahd 
iioiil  tiie  compensation  of  the  Contractor  for  tiie  manufiictunl 
of  the  metal  work  and  machinery. 
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P.  164.  Fdheuxirk  far  Carrying  Trains 

Cor  Ereetfon  must  provide  falsework  of  ample  str^iiglib 
to  eany  safely  the  trains  of  the  Purchaser;  and  the  plana  fpf 
the  written  approval  of  the  Engineers  before  the  materiab 
are  ordered. 
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P.  165.  Erection  Barges 

spans  are  to  be  floated  into  position,  the  Contractcnr  is 
(|Oinp]0te  plans  for  the  necessary  barges  and  falsework;  and 
r^4nibmitted  to  the  Engineers  and  receive  their  approval  before 
JDiuat  also  the  general  scheme  of  doing  such  flotation. 

^^^  P.  166.  Cement 

^p^  on  the,  work  must  be  Portland  cement  of  the  veiy 
s,  equal  in  every  respect  to  the  best  branda  o| 

i<te^lB  omittod  when  the  Manufacturer  does  the  ereetkm.        . 
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.^rtraogth  of  a^.kipl  fim 

fonttdb  1^  jqaan  incli.   1^  flluA  /^^  il9 

r  Wben  moulded  neat- into  pats  iiith 
Cf  Qi(A  to  set  in  either  air  or  water, 
ebeddng.    The  cement  shall  withataiid 
of  the  American  Sodety  for  Testii^t 
ibe  pate  in  any  convenient  way  in  an  ai 
water,  in  a  looeely  dosed  vessel  for  five  (6) 
shall  remain  firm  and  hard,  and  shall  shoir 
cracking,  or  disintegrating.  \^f^. 

The  cement,  when  mixed  neat  witii  abodt" 
of  water  to  form  a  stiff  paste,  shall  after 
perceptibly  by  the  end  of  a  wire  one^welfth 
loaded  to  weigh  one-quarter  (^  of  a  pouiid» 
similarly  with  a  wire  one-twentyrfourth  (%«)  of 
loaded  so  as  to  weigh  one  (1)  poimd,  shall  not 
hours,  unless  the  Engineers  permit  the  use  ci 
special  purpose,  in  which  case  this  time  limit  vsfB^ 
one  (1)  hour,  but  no  lower. 

Briquettes  mixed  in  proportion,  by  wdght,  of 
three  (3)  parts  of  sand,  and  kept  one  (1)  day 
time  in  water,  shall  show  a  tensile  strength  of  at 
poimds  per  square  inch  after  seven  (7)  days,  and 
seventy-five  (275)  pounds  per  square  inch  after  1 

In  any  case  the  cement  adopted  must  first  be 

The  Contractor  shall  provide  a  suitable  buil< 
in  which  the  same  must  be  placed  before  beii^' 
shall  be  notified  of  the  receipt  of  cement  for 
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before  it  is  required  for  use,  and  the  Inspector  may  take  a  sample  from 
each  package  for  the  said  testing.  The  Engineers  will  insist  that  no  cement 
shall  be  used  that  has  not  been  subjected  to  their  twenty-eight  (28)  day 
test,  and  the  Contractor  must  understand  at  the  outset  that  this  require- 
ment will  be  insisted  upon,  even  if  the  progress  of  the  work  be  delayed 
thereby. 

Any  cement  that  has  caked  so  as,  in  the  opinion  of  the  Engineers,  to 
be  injured  shall  be  rejected;  and  it  shall  be  removed  by  the  Contractor 
from  the  neighborhood  of  the  site  in  order  to  avoid  all  possibility  of  its 
being  employed  on  the  work. 

P.  167.  Sand 

Sand  shall  be  defined  as  particles  of  hard,  clean  stone  which  will  pass 
a  sieve  having  holes  one-quarter  (J^)  inch  square,  and  not  less  than  fifty 
(50)  per  cent  of  which  shall  be  retained  upon  a  sieve  having  holes  twenty- 
two  thousandths  (0.022)  of  an  inch  square,  or  what  is  conunonly  called  a 
No.  30  sieve.  It  must  be  free  from  clay,  silt,  chips,  and  all  other  impuri- 
ties, and  must  be  reasonably  sharp.  In  all  cases  the  Engineers  shall  decide 
as  to  whether  any  sand  offered  by  the  Contractor  shall  be  used  on  the  work. 
If  it  be  not  satisfactorily  clean,  sand  may  be  used  if  it  is  first  washed  or 
otherwise  cleaned  to  satisfactory  condition. 

P.  168.  Broken  Stone  or  Gravel 

Where  not  otherwise  specified,  either  broken  stone  or  clean,  hard 
gravel  of  qualities  satisfactory  to  the  Engineers  may  be  used  in  making 
concrete.  The  broken  stone  shall  consist  of  pieces  of  hard  and  durable 
rock,  such  as  trap,  limestone,  granite,  or  conglomerate,  which  shall  be 
free  from  dust,  clay,  loam,  or  other  material  in  such  amounts  as  would, 
in  the  opinion  of  the  Engineers,  impair  the  strength  of  the  concrete.  The 
stone  shall  be  crusher-run  up  to  the  sizes  specified,  with  all  material  that 
will  pass  a  one-quarter  (J^)  inch  screen  removed. 

The  gravel  shall  be  composed  of  clean,  hard  pebbles  screened  to  the 
specified  sizes  (crushed  where  necessary),  free  from  clay,  loam,  or  other 
material  in  such  amounts  that  would,  in  the  opinion  of  the  Engineers, 
impair  the  concrete.  Material  that  will  pass  a  one-quarter  (J^)  inch  screen 
must  be  taken  out. 

If  they  be  not  satisfactorily  clean,  materials  may  be  used,  provided 
they  are  washed  or  otherwise  cleansed  to  satisfactory  condition.  Stone  or 
gravel  shall  be  stored  on  board  platforms,  and  must  not  be  shoveled  up 
from  the  ground. 

P.  169.  Concrete 

Broken  stone  shall,  preferably,  be  employed  in  making  concrete,  but 
wherever  gravel  of  a  character  satisfactory  to  the  Engineers  is  available, 
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Jiaip^^ig^  in  wh^  a  BshMl: 

Ipoiii^^^  pit  and  modified  hy  the  iriMiitey^ 

.  ifqr  aggreeatiBB  compoBod  of  a 

^  W  nu»eB  of  eoL^ 
vided  that  they  first  be  deaobd 
that  they  be  not  {daced  any  neater 
<9r  to  the  exterior  of  the  oonetniirticieL 

Aa  previously  q)ecified,  suitaMe  foii^ 
must  be  provided  to  ^ve  the  concrete    "  ^ 
finidi  shown  on  the  drawings,  all 
as  to  produce  a  neat  finish  and  in  order  tef 

The  proportions  for  ordinary  biokfi&Hrtpdia 

1  part  of  Portland  cement, 

3  parts  of  clean,  coarse,  sharp  8an4> 
5  parts  of  broken  stone,  to  pass  a  %b 

ring. 
Those  for  reinforced  concrete  shall  be  as 

1  part  of  Portland  cement, 

2  parts  of  clean,  coarse,  sharp  sand, 

4  parts  of  broken  stone,  to  pass  a  ote 
iron  ring. 

Those  for  special  concrete  shall  be  as  foQoUfa: 

1  part  of  Portland  cement^ 

2  parts  of  clean,  coarse,  sharp  sand, 

3  parts  of  broken  stone,  to  pass  a 

The  latter  proportions  are  to  be  used  also 
be  placed  under  water  before  setting. 

The  amounts  of  all  ingredients  are  to  be 
the  measurements  are  to  be  made  loose.    One 
380  poimds  net,  shall  be  considered  to  measuia 
standard  size  bag  of  cement  shall  be  oonsi^ 
foot.     The  sand  and  the  broken  stone  or 
measured  by  delivering  to  wheelbarrows  or 


L--  '  *■" 


^ 


«tl 


a. 


^1-T 


^M'VI 


■■>l 


^u\^n 


■  in  1^^ 


pttteMuirf  ^(iforote  eowtraeticnis  that  are  to  ^  eqpoipd!^^ 
t0  beecTf^EMi  id^  an  inch  and  a  half  {l}^  d^e&  M  Vo^eOa^ 

iBisGod  ja  liia  pfoportioa  of  (me  (1)  pact  of  oomqiil^  iia,  tiWQ  Cl^fm^ 

aaiid  aiid  eaffied  iqi  flimultaiieoiiflly  w^  •  .      ^ru* 

The  ifiociiit  ii|Mn^  of  the  ooiialrueti<m  (rf  this  aheU  aluitt  be  aa^^l^^ 

the  Engbeers  g^ve  the  Contractor  written  penQSarioyi  to 

letter  method: 

Sted  piates  (WH}uartar  GO  uHsh  thick  Igr  twelve  (£IQ  iad<i»i^ 

firom  four  (4)  to  fi^e  (5)  feet  kmg  are  to  be  pIfMsed  aB  anraadvlii^^ 

at  a  cbtanee  of  one  and  a  half  (lyQ  indiea  boesk  the  |gp||^ 

are  to  be  blocked  out  from  the  latter  every  twelve  (12)  ifi|^i(aiiv% 

pieoea  of  wood,  the  ends  of  the  plates  limping  digbtiyt    Tb6il-t}ie 

is  to  be  put  inside  the  box  thus  fcnxned  to  a  d^th  not  exoeedinK 

00)  inches  and  tamped  thoroughly.    Meanwhile  the  mortar  is  to  be 

between  the  steel  plates  and  the  wooden  form  to  a  depUi  of  ab^ 

(IX)  iouohes  and  tamped  down,  the  wooden  {dugs  being  idthdisipii 

as  the  tamping  proceeds.    As  soon  as  the  exterior  qmee  Htbw 

4Uid  before  dther  the  concrete  or  the  mortar  has  had  time  to  set^  tl^e 

plates  are  to  be  withdrawn  by  means  of  hooks  insorted  in  h^ 

near  the  ui^ier  edge  for  (^purpose;  then  the  mortar  is  to  be 

again  so  as  to  fill  the  voids  left  by  withdrawing  the  plates*. 

Jtf  rany  bidder  deem  that  this  method  of  ensuring  a  smooth  ex;lefkr 

iMilsriallbr  taiom  expensive  than  that  of  omitting  the  outside  mortar 

the  plates  and,  insteadi  qS  spading  back  carefully  all  the  rtoiies  ftom 

iaee,  as  is  often  done,  he  may  state  in  his  tender  the  di£Ference  in  th|e 

per  cubic  yard  of  concrete  that  the  jadoption  of  the  latter  metihod 

eauee;  and  due  consid^*ation  will  be  given  to  this  differenoe  ,iii 

the  contract.    Such  a  bidder,  howev^,  is  hereby  warned  that 

a^iough  exterkHT  be  accepted;  nor  will  smoothing  off  with 

afterward  be  permitted  without  special  written  permission  fmm 


r^\ 


1L- 


U:i^'. 


:^»3^ 


osmpeie  is  to  be  mixed  by  machineryi  unless  the  Engineers  pmnit 
Batch  mixers  will  be  given  preference  over  continuous  mixers; 
li^ec  will  not  be  allowed  on  the  work  without  special  written 
Irom  the  Engineers.    Whatever  type  or  fypes  of  mixer  be 
jIlMlieme must  first  receive  the  approval  of  the  Eogineersi and 
yist  rmsppiying  the  materials  to  the  machine  must  also  mefA 
t^  as  must  also  the  quantity  and  quality  of  the  wat^ 
be  free  fitmi  oil,  acids,  strong  alkalies,  and  vegetal^ 
shaU  be  operated  long  enough  after  the  last  m^ 
ted  in  it  to  mix  and  to  incorporate  Ihoroughly  all  inpe- 
of  the  Engineers. 
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odiiQifMe  of  maadiiiisQi  dattUyn^ '  piii3 
ijjiiii^  M  iittKfe  tile  oomsiiete  iriB  pgci^iil 
M^&ee  ^Rddiotit  cgcposed  8toiiB% 
H^  ertenor  cif  the  matt  be  niertar  eldiltfli^ 
teeehre  its  initial  eet  before  being  ptoee^H 
immediate^  from  the  site  of  the  worit; 
in  deepi  namm  walk  shall  be  placed 

Should,  during  constnictioni  any 
harden  or  diy  bef6re  the  other  oonereteJti 
swept  perfectly  dean  with  brooms,  then 
water  and  covered  with  a  thin  layer  of 
a  perfect  contact  between  the  old  and  ite  tii# 
that  the  entire  mass  of  concrete  will  be  trd|3^ 
of  such  dry  surfaces,  however,  shall  always  \i6 
and  in  all  cases  the  placing  of  concrete  idiallfHi 
as  the  Engineers  may  direct. 

If  it  prove  necessary  to  place  concrete  duffas 
Contractor  shall  take  all  such  precautions  an^ 
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to  prevent  it  from  being  f roasen. 

All  concrete  shall  be  kept  damp  until 
or  the  forms  containing  it  twice  a  day. 

If,  notwithstanding  extreme  care  in  the 
placing  and  ramming  of  concrete,  any  i 
exposed  surfaces  when  the  forms  are  remov^ 
shall  either  be  rubbed  smooth  or  be  floated  wp£ 
one  (1)  part  of  Portland  cement  and  two  (S^ 
of  the  method  to  adopt  being  left  to  the 

All  concrete  deposited  under  water  shaH^ 
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means  of  a  water-tight  tr^mie,  but  buckets  which  open  beneath  and  which 
are  tripped  by  contact  with  the  bottom  may  be  used,  if  the  Engineers 
apint>ve.  Buckets  tripped  by  a  line  operated  from  above  shall  not  be 
employed.   . 

P.  170.  Continuity  of  Operation  in  Placing  Concrete 

Whenever  the  Engineers  shall  so  direct,  the  Contractor  shall  so  con- 
duct his  work  that  the  placing  of  concrete  for  any  integral  part  of  the 
structure  shall  be  continuous  and  without  any  interruption  whatsoever 
from  start  to  finish.  The  Contractor  shall  not  begin  to  place  concrete 
for  any  integral  portion  of  the  construction  until  he  shall  have  on  the 
site  of  the  work  adequate  materials,  which  have  been  inspected  and 
accepted,  to  construct  the  said  portion  of  the  work  without  interruption. 

P.  171.  Granitoid 

Wherever  the  plans  call  therefor,  the  tops  of  piers,  pedestals,  and 
abutments  shall  be  finished  off  with  granitoid  of  the  following  proportions: 

One  (l)  part  of  Portland  cement;  two  (2)  parts  of  clean,  coarse  granite 
sand,  or  fine  granite  screenings;  and  three  (3)  parts  of  granite  chips  broken 
so  small  as  to  pass  a  one-half  (3^)  inch  iron  ring.  The  top  of  this  grani- 
toid is  to  be  brought  to  an  exact  level  and  finished  with  a  floated  surface. 
The  thickness  of  the  granitoid  is  to  be  as  shown  on  the  plans. 

P.  172.  Wooden  Piles  and  Pile  Drimng 

All  piles  are  to  be  cut  from  live,  straight,  s6und  timber  of  a  quality 
acceptable  to  the  Engineers.  They  must  be  free  from  cracks,  wind-shakes, 
and  all  serious  defects;  and  they  must  be  so  straight  that  a  right  line 
joining  the  centres  of  ends  of  pile  shall  show  that  the  said  pile  is  at  no 
point  over  one-third  (}4)  of  its  diameter  at  such  point  out  of  straight 
line.  They  must  show  a  gradual,  even  taper  from  end  to  end.  The 
ends  must  be  cut  square;  all  bark  must  be  taken  off;  and  the  branches 
and  knots  must  be  trimmed  smooth,  finishing  the  piles  in  a  workmanlike 
manner.  Unless  otherwise  specified,  they  must  not  be  less  than  nine 
(9)  inches  in  diameter  at  the  top,  and  not  less  than  twelve  (12)  inches 
nor  more  than  sixteen  (16)  inches  in  diameter  at  the  butt.  They  must 
be  spaced  accurately  as  per  plans,  and  must  be  driven  vertically  or  to  cor- 
rect batter  and  to  the  satisfaction  of  the  Engineers,  and,  when  required, 
they  shall  be  cut  off  to  exact  level.  All  piling  not  conforming  to  these 
specifications  will  be  rejected. 

The  Contractor  shall  provide  a  suitable  and  efficient  pile-driver  for 
driving  the  piles  to  the  required  depth  without  splitting  them;  and  he 
must  furnish,  if  the  Engineers  deem  them  necessary,  rings  and  shoes  for 
any  or  all  piles. 
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r  ima^     Tohniie  d  floir  and  aa 
lOwf  j^  the  £DiybMeii^  tadtaMil'il 

*T  Ooocnto  pOm  thi^  aie  to  be 
be  proper^  maSmodi,  aa  ihomiiMi 
toanause  tbat  ilia  reiiiforaiiK  loati^ 
tioet^poaitioiu    The  pilaa  axe  to  be 
aa  the  Encpnemi  deem  lequiflite.    JOQt 
iqiued  in  handling  or  before  driving 
eoiicvete  pilea  of  tbia  general  tiifpe  ate  to 
viouflly  qjedfled  for  wooden  pikM^  tbd 
bdng  mainly  confined  to  atatle  k)adinff.    If  ; 
by  hanmifflring,  the  Encpnemi  will  xejjBdk  i|^ 
il  to  be  withdrawn  and  removed  from  ^ 

If  the  concrete  piles  are  to  be 
manufacture  must  receive  the  ^^ypnyval  of 
be  at  liberty  at  any  time  to  withdraw  or  d|| 
how  satisfactorily  the  manufacturing  haaJbelil^^ 
of  the  method  to  the  locality.    If  thia  teat 
method,  the  Engineers  shall  have  the  privikige 
some  other. 

P.  174.  PoniHan  cf  Piers,  Pe(ki0 

All  piers,  pedestak,  and  abutments,  wbm 
position  and  to  exact  elevation,  and  all 
located  with  the  greatest  exactness  in  reqMOl; 
and  elevation.    The  Contractor  must  provi 
cables,  frames,  and  forms  that  may  be  requiiodif, 

In  sinking  caissons  by  either  the 
process,  in  order  that  the  pier-shafts  may  be  i 
work  of  the  latter  shall  not  be  b^^un  untU 
final  position,  unless  the  Engineers  give 
trary.    The  C!ontractor  shall  provide  a 
for  each  pier  in  order  to  secure  this  result  ws' 
overflow. 

It  must  be  distinctly  understood  by  aB 
getting  all  piers,  pedestals,  and  abutmenta 
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BifQl*;  Afiirafa^  ih»l(iiiiid,  the  lOmOmsbm  i^lftli 
^ilA  <iiim  aq)«fii»  |dl  tlie^  t^^     ueoesBfiiSf  to  wnesA  iSb^-m^: 
fiMid  ^  pktiie  fiotpMfle  involired  ia  oiofifyvigaii^^il^^ 
to  mil  tlie  f aiilty  l(k!ati6ii  0^  m 

P.  175.  DepOis  pf  Foundations 

AH  cribsi  jEpotingBi  and  caiasona  aie  to  be  sunk  to  the  deptba  Am^ 
iHie  EogutiiMti'  idanB  or  to  such  (rth»  dqrtha  as  the  Eiiginem  itea^  ^^^i^^ 
as  fbe  lindrk  ptogrdBSOB.  The  data  furnished  to  bidders  fajf  ^. 
iKgfatdi^  depths  of  foundati<»tls  or  at  bed-iock  are  to  be  ooiAJ^ 
|i[|,  Biefdy  ifiprou^  and  bidders  must  assume  the  ride  of  hatai^ 
jb  gireater  or  less  dqyth  without  altering  in  any  way  their  achedldb 
i  howemv  the  EngineerB  oonsid^  that  the  Contracts  ii 
iirlilQed  to  estm  oompen^  on  account  of  material  variatiom 
^^  data  fiirnidbedy  sudb  extra  compensation  will  be  allowed,  but 
thegreof  dball  be  determined  solely  by  the  £ki|^neers. 
y  Jtnrmg  the  progress  of  the  work  the  Engineers  deem  that  fiii^ 
ilavestigations  concerning  the  devations  of  bed-rock  or  quality  ^ 
for'  foundaticnis  are  necessaiyi  the  Contractor  shall  make  xmder 
^^sntiSoa  of  the  EngmeerB,  all  the  borings,  tests  of  bearing  capacity 
fi  or  ctiher  similar  investigations  which  the  said  Engineers  may  etm^ 
to  be  jequisite;  and  such  work  shall  be  treated  as  herein  provided 
Wort" 


vn. ',  ,iM,  ;:* 


7^"'  P'.  176.  CaUams  Sunk  by  ffie  Pn/mfnatie  Process 

oQMtniotioik  of  all  caissons  and  cribB  shall  be  in  accordance  wfOi 

^ieeoo^MyiyiQg  detail  plans;  and  the  Conlaractor's  working  drawings 

Jbjk  iimiis  to  coniann  thereto.    The  said  working  drawings  must  be 

b|f|fae  Eiogineers  before  work  on  the  caissons  is  started. 

fliiaa?ief  att«teel  caissons^  the  Contractor  in  making  the  woridng 

ffaift  adheie  strictiy  to  the  Engineers'  details;  and  in  case  of 

the  following  directions  must  be  observed: 
Afl  timbers  are  to  be  of  the  full  length  or  width  of  the  caisscm 
IhiSiia  iMcticable. 
li  Wt»  cutting  edges  are  to  be  shod  with  steel,  unless  qpedfi- 

to  the  contrary  on  the  drawings. 

L^|j|rtft4xdtB  are  to  be  spaced  not  to  exceed  four  (4)  feet  along 

]0miil^  pref erabliy  about  three  (3)  feet. 

i|A;framing  of  timber  is  to  be  done  in  a  substantial  mamier 

caisson  will  hold  thdr  shapes  in  case  that  it  be  found 

cutting  edges  throui^  logs  or  masBCB  of  large  bouldeiB. 

Had  caissons  are  to  be  made  water-tight  by  calking* 

are  to  be  used  above  the  cribs  in  order  that  tiie 
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and  in  ilie  0806  cf  timber  ooDfltraetiiiB^ 

,  JP«*<<.    All  timbei9  aie  to  be  ol 
irtieiiever  thte  10  practicable. 

S0O0fid.    The  cutting  e^gea  an  to 
^ally  indicated  to  the  contrary  on  tiie 

Third.    Drift-bolta  are  to  be  apaced  obi  tot, 
each  sticki  and  preferably  about  three  (3)  feiitii , 

Fourth.    If  the  Engineero  deem  theni 
jecting  water  so  as  to  loos^i  the  material  near 
built  into  the  timber  and  concrete  as  tibie 
are  to  be  spaced  not  to  exceed  eight  (8)  leek' 
to  the  walls  of  the  working  chamber,  b^dg 
as  to  resist  dislodgment  during  sinking, 
clogged  with  earth  or  gravel  during  the 
be  fitted  with  tight  wooden  plugs;   and  wheit^ 
jetting  purposes,  the  said  plugs  are  to  be  dA^^^ 
pipe  for  a  ram.  -   »^^ 

Fifih.    All  framing  of  timber  is  to  be  done' 
so  that  the  crib  and  caisson  will  hold  their 
necessary  to  force  the  cutting  edges  throu^^  logi^ 

Sixth.    Cribs  and  caissons  are  to  be  made 

Removable  cofferdams  are  to  be  used 
lower  portions  of  the  pier-shafts  can  be  built  bi 
for  same  must  in  all  cases  be  removed  before 
No  direct  payment  will  be  allowed  for  these^ 
must  be  covered  by  the  prices  for  concrete  or 
for  mass  of  crib9  and  caissons  below  water. 
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SPECIFICATIONS  FOR  MANUFACTURE   AND  ERECTION  1859 

P.  178.  Cofferdam  Work 

In  all  cofferdam  excavation,  the  designing  of  the  cofferdams  will  be 
left  to  the  Contractor,  who  will  be  held  responsible  for  the  ultimate  com- 
pletion of  the  piers,  pedestals,  or  abutments  for  which  the  said  cofferdams 
are  used;  but  the  designs  must  be  approved  by  the  Engineers  before  any 
of  the  work  of  construction  is  started.  The  cofferdams  shall  be  so  de- 
signed and  built  as  to  permit  of  all  the  water  being  pumped  therefrom, 
in  order  that  the  footings  may  be  laid  in  the  dry,  provided  that  this  be 
practicable.  If,  however,  in  the  opinion  of  the  Engineers,  it  be  imprac- 
ticable, the  construction  shall  be  carried  out  by  .placing  the  concrete 
under  water  by  means  of  a  tr^mie  or  other  special  apparatus  for  the  pur- 
pK)se  that  is  approved  by  the  Engineers.  In  this  case  specially  rich  con- 
crete of  small  broken  stone,  as  herein  specified,  shall  be  used.  No  direct 
I>ayment  will  be  made  for  cofferdam  materials,  as  the  cost  thereof  must 
be  covered  by  the  prices  for  excavation  or  materials  in  place.  All 
timber  and  other  cofferdam  materials  above  the  level  of  the  ground  or 
above  that  of  extreme  low  water  is  to  be  removed  by  the  Contractor  from 
aroimd  the  piers,  pedestals,  and  abutments  before  his  work  will  be  con- 
sidered completed;  and  no  direct  payment  will  be  allowed  for  such  re- 
moval, its  cost  being  covered  by  the  prices  for  the  excavation  or  for  the 
materials  in  place. 

P.  179.  Maintaining  Correct  Form  of  Steel  Shells 

In  riveting  up  and  sinking  steel  shells  the  greatest  care  is  to  be  taken 
to  keep  them  true  to  form;  and  no  off-setting  or  divergence  at  joints 
will  be  permitted,  tmless  so  shown  on  the  drawings.  In  many  cases  it 
will  be  necessary  to  bolt  timbers  to  the  shell  temporarily,  consequently 
the  Contractor  will  be  required  to  provide  the  necessary  angle  lugs  there- 
for. As  the  onus  of  getting  the  shell  down  in  proper  shape  is  on  the  Con- 
tractor, the  designing  of  the  stiffemng  is  to  be  done  by  him;  notwithstand- 
ing which  he  must  submit  the  design  to  the  Engineers  for  approval  before 
work  is  begun.  All  stiffening  timbers  must  be  removed  before  the  con- 
crete is  put  in,  and,  wherever  necessary,  before  the  piles  are  driven. 

P.  180.  Excamtion 

For  caissons  sunk  by  the  open-dredging  or  the  pneumatic  process,  no 
allowance  will  be  made  for  the  cost  of  excavation,  this  expense  being  cov- 
ered by  the  price  for  mass  of  crib  and  caisson,  or  other  materials,  in  place; 
nor  where  cofferdams  are  employed  or  where  pits  are  dug  will  the  excava- 
tion be  paid  for,  unless  this  be  specifically  so  stated  in  the  contract.  In 
computing  the  volume  of  excavation  to  be  paid  for  in  any  pit,  the  sides 
of  the  latter  are  to  be  assumed  as  vertical,  and  no  area  will  be  allowed 
greater  than  that  of  a  rectangle  having  each  side  longer  by  two  (2)  feet 
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than  the  corresponding  side  of  the  base  of  footing  of  the  pier,  i>edestAl. 
or  abutment.  No  payment  will  be  made  for  timber  used  in  shoring,  ad- 
ing,  or  sheeting,  nor  for  pumping  nor  bailing,  as  the  cost  thereof  mu^ 
be  covered  by  the  prices  allowed  for  excavation  or  for  materials  in  place. 

Excavations  for  all  constructions  are  to  be  carried  to  fiuch  deptl^  as 
the  Engineers  may  direct;  and  if,  in  their  opinion,  the  foundation  require 
any  special  preparation,  it  shall  be  given  to  it  by  the  Contractor,  the 
work  involved  thereby  being  paid  for  as  "Unclassified  Work,"  if  the 
Engineers  deem  that  it  should  be  so  considered. 

Where  bedrock  is  reached,  the  caisson,  base,  or  footing,  as  the  case 
may  be,  whenever  practicable  by  ordinary  methods,  must  be  sunk  into 
it  one  foot  or  as  much  more  as  the  Engineers  may  consider  necessary  to 
obtain  an  even  and  proper  bearing  and  a  satisfactory  anchorage  against 
slipping.  If  the  Engineers  deem  that  the  cost  of  such  sinking  into  bed- 
rock is  imusual  or  excessive,  they  will  allow  additional  payment  therefor, 
as  per  the  "Unclassified  Work"  clause  of  these  specifications;  but  the 
amount  of  such  payment  shall  be  determined  solely  by  the  EIngineers, 

P.  181.  Enoourdering  Obstacles 

Bidders  must  assume  the  risk  of  encoimtering  logs,  boulders,  and  oth^ 
obstacles  imder  the  surface  of  the  groimd  at  the  sites  of  the  piers  and 
abutments,  and  the  Contractor  must  provide  himself  with  all  the  neces- 
sary tackle  and  apparatus  for  handling  the  same.  There  will  be  no  extra 
price  allowed  because  of  the  difficulty  experienced  in  sinking  or  driving 
through  or  in  removing  the  said  obstacles. 

P.  182.  PHe  Foundations 

The  bases  of  piers,  pedestals,  and  abutments  which  are  to  rest  on  piles 
shall  be  constructed  by  excavating  within  and  sinking  cribs,  as  indicate! 
on  the  plans,  to  the  required  depth  (preferably  before  the  piles  have 
been  driven,  but  afterward,  if  the  Engineers  approve  of  that  procedure). 
If  the  piles  are  driven  after  the  crib  is  sunk,  the  earth  which  they  force 
up  into  the  crib  shall  invariably  be' removed;  then  the  concrete  shall  be 
deposited  in  the  dry,  if  practicable;  otherwise  through  a  tr^mie  or  by 
means  of  a  single-line  bottom-diunping  bucket  till  the  crib  is  filled  uni- 
formly to  an  elevation  about  two  (2)  feet  below  that  at  which  the  pile^ 
are  to  be  cut  off.  If  it  be  deposited  in  the  dry,  the  concrete  shall  be  thor- 
oughly tamped  or  tramped  with  rubber  boots  in  layers  about  one  (1)  foot 
deep.  If  it  be  deposited  under  water,  it  shall  be  mixed  in  the  projx)r- 
tions  hereinbefore  specified  for  concrete  deposited  under  water,  and  the 
crib  shall  be  filled  evenly  over  its  area.  As  soon  aa  the  concrete  has 
hardened  adequately,  the  water  shall  be  pumped  out,  the  pile  heads  cut 
squarely  off  at  the  required  elevations,  and  the  remainder  of  the  base 
built  in  the  dry.    The  cribs  shall  be  adequately  caulked  and  braced  to 
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fii0t)^g^^     Woki^  mSb.  ^flie  iMMtmetiw      the  ^fOii^^ 

nuttit  pvqpimj^lQoqilete  ivoridog  dniwfaigft  far  all  mb^  and  moali 

the  aaine  to  the  BnpneerB  for  thdr  approval  More  wiork  thflmgi^; 

All  tindbeiB  fie  to  be  qf  the  full  leog^  Gf  width  of  the  €tf% 

18  iiracticahle.    IhlNrbcdts  seven-^ii^thB  (^  of  aa  hi^ 

hr*tiMKitgr4vvo  (22)  inehea  kng  are  to  be  spaced  Ml  titf  eac* 

!(4}  feet  akng  eadi  atiek,  and  prefetah^  about  thiee  (8)  l0i% 

irf^  timber  ia  to  be  done  in  a  msbetaatial  inaoiier  ao  tiA 

itil  JMd  ita  shape  m  case  that  it  be  found  neeeaBaiy  to  iimm 

edges  thioog^  obatadea. 

the  Goatractor  so  deet,  he  will  be  permitted  to  use  abeet  pBea 
eewtmetieii,  bui^  such  cases  the  concrete  baasi  of  the^ 
mnlk  be  made  of  the  same  gross  siie  as  that  shown  on  the  dxaMnp» 
d  ihl  crib  timbers, 
kngtili  and  peinetratioii  of  the  foundation  piles  are  to  be  detem 
^Igr  the  JingiQe^ra;    Th^  will  be  paid  for  by  the  lineal  loot  qliMile 
beiow  tibe  odb-base;  and  a  proper  allovranee  will  be  maide  lor 
eoat  olt^  ent-off  ends. 
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p.  183.  Bride  Pun 
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bridpi  muflt  be  sound,  hard-burned,  vitrified,  and  acceptable  f6 
Thqr  must  be  wetted  thorou^^y  before  being  laid,  and 
mortar  ^herefor  shall  be  the  same  as  that  specified  for  stone  masonry, 
tiyilg  not  less  than  one^iuarter  (}Q  of  an  inch  nor  more  than 
iOi  indi  thick,  and  the  avorage  not  exceeding  three-d|^i^^ 
.    A&  brickwork  shall  be  laid  in  Flemish  bond,  t.  6.,  sltei^ 
lid  i^retchffli  with  consecutive  courses  breaking  jmnt.    AD 
lybshed  properly  as  the  work  progresses.    The  pi^s  nu^ 
brickwofk,  or  may  consist  of  a  brick  shell  backed  witii 
^^^^pK^'tRit  expert  bricklayers  shall  be  empl<^ed  to  lay  the 
itf  jf^talb  iA  the  work  shall  accord  with  the  most  apim>vQd 
iitiit  be  to  the  aittisfaction  of  the  engineers. 

pieiai  pedestals,  and  abutmients  shall  be  built  of  either 

masonry,  no  third-class  masonry  or  round-atone 

^Ifteg  permitted.    The  shells  akme  of  first-class  cdnatruc^ 

r,  the  backing  being  invariably  of  Portland  eement 

qieeified  for  interior  woric    The  stone  employed 
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P.  184.  Maaonry  in  General 
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iliiiiiirt»(ill  iliil 

ili^«  ftdt  bed  d^  miNrtiri  ivIlliMl  ^ilKi 
flfaeMng  projeetioiis  wHl  be  allowed  to 
either  ride.    The  stone  end  we»i  aift 
iKNild  ioftetf eve  wHh  tibe  adUiitatt'^Qif 'jMi| 
eiirinkled  with  water  before  being  plM«ii^ 
ing  etoDee  in  mortar  their  beds  are  to 
down  they  shall  rest  doee  and  full  on  ^tm 
care,  must  be  used  not  to  iiqure  the  loiiiil 
case  a  stone  is  moved  after  bosK.sety  fg^ 
be  taken  out,  the  mortar  must  be 
then  the  stone  must  be  reset. 

Wherever  the  Engineers  shall  so  xeqjai^ 
two  steel  dowels  each,  one  and  a  quarter  (I' 
through  them  and  into  the  stones  below«    3!|ia 
be  drilled  through  such  stones  before  th^  i^ 
walls,  and  after  the  stones  are  in  place  the 
into  the  under  stones  at  leadt  six  (6)  indtmu 
be  set  in,  and  the  boles  shall  be  filled  with 
Clamps  binding  the  several  stones  of  a  courfif 
when  required  by  the  Engineers.    In  such 
into  the  stones  which  they  fasten  together 

The  face  stones  must  be  acciutitdy  squai^^i 
their  beds  and  builds;  and  the  joints  must  be 
(12)  inches  from  the  face.    Face  stones  are  to 
laid,  of  not  more  than  three-quarters  (^  of 
(3^)  inch.    The  courses  shall  be  not  less  than 
ness,  decreasing  from  bottom  to  top  of  waD; 
The  face  stones  shall  break  joints  at  least 


I  ♦>"^ 


W 


'<'  i\ 


vl-i."» 


*■  ie 


^  vi 


?» 


:'zhl^.^^ti£Di^MK. 


ri  • ' 


* 


L':f 


5^7M 


•  >i-  ■ 


'  i'.'i^ 


-.  <. 


;r» 


(>   >-: 


t^^'^r;      ■/ ;-;-i;i:;f'f^ 


'•  i-'  V  ^-^  ', 


^  comes  €i  fiNxBi  ip»6ei»  (l^ 
ecniiwB  ikt '1ei«l  two  ind^ 
Im  avwage  kDgth  of  ftt  k^ 

^111811  tbree  (8)  foot  jboi leDsih*    EBcli  KftiidCT  ibittliaire  a. 
^S6iik^SbasBkiAt^^  meheiiy  and  diaU  teldlia^ 

Hit  iiMTthat  it  ri^toimi  oa  tlie  laoa.   13ie  hetufeia 

of  Hid  lAda laoe  of  the  uradl,  anid  ehall  1»,  aaiilii^v 

Artriinttod  «<wdty^  av«r  it  and  »  plaoed  tliat  Ilia  liai^^ 

ioiiipa ibaU^^i^^  or  nearly  aoi  the  ipaoai  batweiiilill 

4li0  cwna  dii«e%  bdow.    No  beadar  Aall  be  laai  thaa  liMI' 

Mlf  (8H)  feet  kmg.  ^c^^ 

tips  of  afi  pieia  ahaH  be  covered  with  ectpiiDff^  as  shown  oil  |ba 

•  AQ  copiiif  8t(HM»  shall  be  neatly  bu8h4ianuner  dressed  on  the 

and  ondora^  of  projection;  and  th^  diall  be  set  -mXL  ani. 

ifm^m  ^ir«^  taoui^t  to  oneKiuarter  (^  inch  jdnts,  and  doirdji^^ 

being  wefl  secined  in  and  to  the  copiiig  with  grout.    Ko  cogpisljt^ 

i^iMI  be  less  than  nine  (9)  square  feet  in  plan*  -  c' < 
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P.  186.  Second^lasB  Masonry 

masonry  shall  conrist  of  brdcen  range  rubble  of  superior^ 
V  laid  with  hcHrisontal  beds  and  vertical  jomts  on  all  exposed  parts^i 
stone  less  than  dght  (8)  mches  m  thickness  or  eighteen  (18)  mches 
In  no  case  shall  the  bed  of  a  stone  be  less  than  two  (2)  inches 
ita^biAd^    The  stones  must  decrease  in  thickness  from  bottom 
I  and  must  be  bonded  and  leveled  as  well  as  can  be  done 
dresring.    No  mortar  joints  shall  exceed  one  (1)  ioA 
AA  conifirs  ahall  have  hamm«>dresBed  beds  and  jomts;  and 
beMer  lines  shall  be  run  with  an  inch  and  a  hatf  (1^ 
At  least  one-fifth  (%)  of  the  stones  in  the  face  must  be 
evenJtf  throughout  the  surface.    All  stones  must  be 
iMtoral  beds.    The  backmg  shall  be,  preferably,  <rf  conere^ie 
IM' first  dass  masonry  construction,  but  solid  stone  work 
,  provided  that  sufficient  mortar  be  used  to  ffll  aH 
id  two  stones  approach  each  otiier  nearer  tiian  ona^iatf  ^ 
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AH  maflomyy  both  finA  aad 
liie  joiotB  soM.    The  smlftoe  q£  Ite  I9i^ 
]<tet0  aro  to  be  freed  from  att  IdOMi 
iMper  fanmung  tooku    AU  jeinie  maefr  bir 
Merter  used  m  pointiog  nuiBlr  be  ^diB|N|i|ft^ 
QQBiettt  end  one  pert  oi  ii^M^M^j 
looBe. 

P.  189.  AfdkCi 
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.  AH  arch  mlverte  are  to  be  built  of 
taimoaaryf  accorduig  to  the  {nreoeding 
and  abutments,  excepting  only  that  in 
ring  shall  be  of  first-class  masonry. 
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P.  190.  Laying  Masonry  diming 

If  it  prove  necessary  to  lay  mascmry  during 
I»eeautioni9,  satisfactory  to  the  Engmeens.ritofcj 
mortar  from  freezing. 
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p.  191.  Baeh-Fimi 
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As  soon  as  the  masonry  or  concreto  wqvIe 
space  around  each  shore  pier,  pedestal,  and 
earth,  preferably  clay,  thoroui^y  dampened^ 
not  exceeding  six  (6)  inches  in  thickness, 
ment  for  this  back-filling,  as  its  cost  is  to  be- 
excavation  or  that  of  masonry. 

In  case  the  boulders  and  gravel,  or  other 
site  be  excavated  before  constructing  the  base 
such  completed  pier  shall  be  refilled  to  the 
bed  to  the  satisfaction  of  the  Engineers;  and 
the  Contractor  for  such  back-filling;  but  any 
the  said  pier  for  protection  above  the  said 
bed  shall  be  paid  for  as  riprap,  if  there  be  a 
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CSttiiiiekir  to  iMi  iosMBd  latge  stdtieB  or  bouldera,  thflBe  are 

ft  ktsy  iniBKtarial  from  an  existiiig  embankment  is  removed  %  ^ 
lA  t^er  to  pat  iai  a  pier  (^  abutmenti  it  ahiilL  be  tf^^MpiAli^ 
^^  %  oim  expaise  imder  this  g^^ 

no  pasmieiit  therefor;  but  this  clatiee  shall  not  be  intofjjM^'l^ 
any  way  obBgatitig  him  to  build  at  his  own  exp^aaae  any  mitirt   " 
k  approaches. 


P.  192.  Pt^paring  and  Placing  Reinfmti^ 
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^^tPia  reinforqement  in  the  finished  structure  shall  accurately 
iMM  and  position  to  the  requirements  of  the  plans.    Bef<xeji)eiD 

comaetCy  all  remforcement  shall  be  free  from  loose  met,  scale,  or 

of  any  kind  that  would  tend  to  reduce  the  bond  between  it  and 

i^iDfffete.    All  rdoiforcing  bars  shall  be  bent  cold  to  the  dimensions 

%iins  shown  on  the  drawings  before  th^  are  placed  in  position. 

bendia  shall  l>e  accurately  made  in  a  bending  machine.    All  rdnforo- 

shall  be  placed  and  held  during  construction  accurately  in  the 

shown  fcMT  them  on  the  accompan3ring  drawings.    Th^  shaft 

bound  and  tied  together  by  wire  where  they  lap  or  cross,  or 

be  fastened  by  clips  or  other  devices  where  qpedaUy  called  fcxr. 

iriece  must  be  held  rigidly  and  positively  hi  position  so  that  there 

be  no  displacement  during  the  depositing  of  the  concarete.    Adjust- 

of  bars  during  the  {dacuig  of  concrete  will  not  be  permitted.    Where 

r,  small  blocks  made  of  cement  mortar  may  be  used  to  suiq[}ort 

ieiiifcHcing  rods  at  proper  distances  from  the  forms. 
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P.  193.  Earth  EmbankmerUs 

ttie  abntmenta  at  each  ad  of  the  bridge  there  will  be  earth 
These  will  be  paid  for  per  cubic  yard  hi  place  above 
i^tmod  surface.  The  material  used  for  the  embankment  is  to 
ii  loam,  gravely  or  other  earthy  material  free  from  pieces  of 
or  otiber  foreign  substances,  and  is  to  be  placed  in  the  eni- 
!&  lajyers  one  foot  in  thickness,  the  surface  at  all  times  bemg 
Dumping  from  the  top  of  the  embankment  down  the 
will  not  be  allowed.  Slopes  are  to  be  formed  even 
I  correctly  confonning  to  the  slope  stakes.  The  permismble 
ip^'kieation  of  tx^rrow  pits  contiguous  to  the  embankments 
h$r  the  Engineers,  but  in  all  cases  the  borrow  pits  are 
C^ynning  drainage  ditches.  About  ten  (10)  p^  eeioct 
fines  of  embankment  shaU  be  placed  in  Older  to jytov 
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IMNmpai^ing  plaiis.    The  pitfs  iimdlij^^ 
tloiis  for  wooden  piled  i^vea  bjapel% 
AsgtbB  as  the  Enptieero  may  dfewt 
draim  togetha  at  tiie  top,  bolt^lnd 
which  is  secur^  fastened  with  eli^  wA 

P.  197.  Bank 
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The  Contractor  shall  furnish  all  the 
satisfaction  of  the  Engmeers  the  bank 
panying  plans.    All  the  materials  and 
the  general  requirements  of  these  spedficatioiMb 

V.  198.  Pile  Dykes  and  lf<dta#1 

When  the  bank  protection  condsts  of  pu^ 
and  detailed  descriptive  specification  thefefor 
unusual  bridge  materials  employed,  such  as 
their  qualities  defined.  ^, , 

As  an  example,  the  following  is  copied  &^ 
some  dyke-work  that  did  good  service  during 
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This  dyke  is  to  be  composed  of  a  main  pile: 
with  cross-dykes  at  intervals  of  about  400  fmts&& 
principally  on  an  easy  curve,  starting  at  the  ft 
down  to  the  line  of  the  "Temporary  ^^«'^-«*^ 


4lii^]iiiak'  -  Ittat  HMPOii  d(y|ji  Is  toi  ^iKMM^  IMF'  d^^iti^ 

we-balf  CSJk#  IM  idhem  ^«Ktra^  bub 

Ii|i|t«iadie0  Ite  tlra^ 
mM  lii^ifiT  tq;>  io^^  tfiftt  at  the  Amm  lin»  Hiegr  lii^  l^  ^^ 
baaedt  llie  pikt  of  ite  woIMtIew  inr^  |b  txT  eiit  c^^ 
"iiB  1i0  in  a  planed  tb^  ^demtiaii  at  tiia  ifiaiii  d^  b^^  tti^  ttUii^ 
nf  tiie  pflaa  of  aaid  UMia  c^^/and  the  ^tevaticm  of  the  j^Mi  #^ 
^oliMHr  end  abottfr  that  of  the  top  of  ttie  liver  btak.  M  pike  lie  # 
of  infaite  or  bmr  oak,  f or^  (40)  f eet  kidg,  from  eii^i  (8)  to  tenJtilQI 
in  diametor  at  the  t^  and  ndt  leas  than  fourteen  (14)  faiclM  ia* 
at  the  butt.  AU  pilea  must  be  chnven  as  oloaely  as  praiolldidllr 
proper  poiitaon,  and  any  pQes  which  the  Enipneera  may  emAi9^ 
§00  aaoidi  out  of  line  will  have  to  be  removed  and  re^ltiven.  .  ' - 
liHibcr  for  csi^and  braeing  k  to  be  of  white  oak  of  the  best  qluii^i^. 
whidHdiakeSy  laige  khotSy  decayed  wood,  sopi  or  any  def eoHi  tfial 
inqpflar  its  streiif^  or^d^  Cap  timbers  are  to  be  S^'' XlO^^ 

«Qi  flat  and  siied  down  to  a  mnfonn  thickness.    Thqr  aie  to  foe  twctis; 
JNtkng  witli  square  butt  jointsi  fitthig  ti  The  titen^verse  braloiei^; 

be€^Xf'  by  seven  (7)  feet  long,  laid  on«flat  and  dapped  t#9 
onto  caps  directiy  over  the  centres  of  tiie  piles.    The  diagdaal 
are  to  be  6''  X  8^'  hy  nine  (0)  feet  long,  laid  on  flat,  dapped  Mrii' 
Iptiiea  onto  caps,  and  pressing  eioeely  at  ends  against  the  transverse 
The  daps  on  both  the  transverse  and  the  diagonal  timbei^  «e^ 
^aaiNi  to  be  so  cut  as  to  give  a  driving  fit  against  the  caps. 
sled  used  in  the  work  must  confoim  to  the  Manufactureis'  Standi 

The  drift  bolts  connecting  caps  to  inles  are  to  be 
#i)  of  an  ioeh  in  diameter  and  eighteen  (18)  inches  knit 
Into  .eieveiHriartieentbs  (^/^)  inch  holes.    There  will  be  two  dztft 
|i#fjlar    Spikes  for  connecting  bracing  tbnberB  to  caps  are  to  be 
of  an  faich  square  and  twelve  (12)  inches  long.    There 
il^jbis  too  (2)  of  them  used  at  each  end  of  each  transverse  or  diagond 
#nke#.    These  spikes  are  to  be  driven  into  one-half  (^  indi 
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pieces  are  to  be  of  good,  sound,  live  willow,  isycamore, 
in  lengths  of  eith^  fourteen  (14)  or  twenty-one  (21)  feet, 
diaimeters  of  three  and  one-half  (3^  inches  at  thie 
04)  b^<^b  at  the  tip.    The  said  wattling  jdeoes  are 
tb  as  to  touch  each  other,  alt^nating  large  mid  smiA 
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lll^iieiitro  Jme  of  the  imm  ww  tf 

ttMlt.  hot  gojod^  life,  biw^ffovti^ 

'ISia  slgte  of  ^mmog  AaU  b^  tto  iwMf'iii 

vMMt  tbfr  wntfa  of  the  Uiiitod  SMee 

be  i?oiitiuie«tt|^  ymfm^  tibe  edlB9 

vwlMd  stansd  sted  rop^  willi  ther 

lA&L  a  imven  roll.    At  mtevrali  of  8nir(l^ 

tcpn  of  the  mattressy  and  oonaeeted 
YmAsfX  ties  of  %i  ineh  wire  fio|ie  ai 
top  and  bottom  loogitudiiial  and  trftwygiaii^ 
thoroai^y  tigjbtened  so  that  the  said 
shall  bear  tigjbtly  and  mtimatety  on  the 

A  grillage  of  willow,  aycamocet  or 
twdve  (12)  feet  in  length  or  four  {4^  isi/Atk 
placed  on  top  ci  the  entire  mattress  worku 
than  fix  (6)  feet  from  centre  to  centre,  and 
the  mattress  work  1^  %g  inch  wire  rope, 
in  the  shape  of  native  stone  of  an  approrod  ^ 
portion  ci  twenty  (20)  pounds  per  square.foQl 
more  stone  near  the  exterior  edge  of  the 
than  on  the  remaining  portions.    The 
made  to  the  approval  of  the  Enfpneers.    Tl^ 
be  from  thirty  (30)  to  one  hundred  and  fifty 
up-stream  end  of  the  dyke  the  mattress  is  to  bl 
with  rock  and  attached  from  the  selvage  edge 
cables  to  dead-men  in  the  bank  in  a  manner  ta^ 
neers.    All  wire  rope  used  in  the  work  shall  bt> 
thoroughly  galvanized.    Workmanship  throii|^boii| 
men  only  being  employed.  :r 

After  the  completion  of  the  dyke  or  any 
piles  thereof  is  to  be  anchored  down  (so  as  to 
up  by  ice)  with  two  seven  (7)  inch  cast  iron 
a  loop  of  nine-thirty-seconds  (%2)  inch  wirei 
river  with  a  water-jet  harpoon  eighteen  (18) 
the  mattress.    Instead  of  fastening  these 
be  attached  to  the  caps.    They  must  be  t 
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iUtljlie^ii^  to  be  done  in  slri(rt  teckl^^ 

rqpeiSiteaS^^  idamSi  and  saoh  iiMxiiMi^ 

be  i^vjn  |Eopn  ti^  Biddefs  aie  li||ili^ 

11^  t^  irfli  be  beld  sbicely  to  the  flpiit  of  the  gpeciflei^^ 
'  jjt/v^  be  bad  pdi<^  for  any  one  to  bid  with  the  eatpei^Bils^ 
win  be  made  after  the  contract  is  doeed,  in  oider  tl^'|bp 
9ia^  be  cbegycned  or  €q>edited.    On  this  account  Mddeis  ate  i^ 
lequestiBd  not  to  complicate  their  tenders  by  sabiiiHitiSiji^i^^ 
bids  twed  iqKVi  pr^        changes  hi  dther  pll^  or 
sodb  ajiernative  Inds  will  not  be  Considered. 


If » 


^tf 


V.  200.  Scope  qf  Cantrad 

l^:ji^  timm  should  be  stated  clearfy  in  detail  everything  that  tbs 
aball  have  to  do  and  to  furnish^  and  where  and  how  Hi^ 
ilK  Jidiver  all  the  materiahL    If  any  parts  are  to  be  excluded  from 
0Binelt,  Hob  should  be  indicated;  and  the  division  of  the  work 
0^  yariow  Contractors  should  be  made  perfectly  clear.    In  this 
sbimld  be  mentioned^  even  if  the  same  be  stated  else^here^  who 
iMpid  to  the  wosk  of  removingthe  eadsting  structure,  if  thefe  be 
to  be  removedi  and  at  whose  e^qpense. 

js^  ft  most  Important  clause,  and  it  should  receive  the  fullest 

to  the  end  that  there  shall  not  be  the  slightest  doubt  in 

n^nd  as  to  exactly  what  he  is  and  what  he  is  not  to  funudi 

Special  mention  should  be  made  of  anchor  bolts  which  are 

fiigliBdded  in  the  masonry  at  the  time  of  its  constructioUi  so  as 

it  dear  whether  th^y  are  to  be  included  or  not,  because  in  some 

ijiMEOr  are  furnished  by  the  Contractor  for  the  substructure  and 

;lqr  the  Contractor  for  the  superstructure.    If  they  are  to  be 

Igt^  Manufacturer  of  the  superstructure,  and  if  th^  are  needed 

Ijest  <if  the  metal,  this  should  be  stated,  and  the  required  dafe  or 

^^tfiSmsey  tibereof  should  be  given.    This  last  instruction  applies 

nietel  for  the  substructure  that  is  to  be  furnished  by  the 

'such,  for  instance,  as  buried  Orders  for  {Hers. 

IIImi  iiext  heading^  ''Approximate  Quantities  of  Materials,''  will 

items  that  may  enter  into  the  construction  of  any  bridge. 

Ilil^  in  preparing  this  clause,  because  its  perusal  will  prevent 

In  the  scope  oi  the  contract. 
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Example 


1^  |»e  ctene  at  present  will  be  let  under  three  contracts  to 
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RMivi&c  oheddiic  vnliMidiiiit 

ifOtic  for  the  8iqMsnrtn|etof6  unu^  ^^.^ 

ISii  cflMwDg^  iiT0i36|^  luQuiiiiig^ 
|l4s  att  of  said  loeM^rofiti  lo^^ 
ittiiiQilcKb  and  buUcfibg  tibe  aQctiici 
tipBAc  as  a  fixed  BpBH  Inridgey  ai  tnylrti^ 
iA]  4,  and  5  and  described  fa  %eB^ 

At  a  later  time  two  furtllef 
fica^^onsi  as  follows; 

B.    Contract  for  Foniishing  ^  ifL 
Machine  required  to  make  mie  spaa 
cm  drawings  lA,  6,  7,  9,  and  10/ and 
and  M7:  This  contract  shall  include  thf» 
B.  C,  ci  all  superstructure  metalwork  not 
all  the  necessaiy  machinery,  apparatusy 

E.    Contract  for  Erecting  of  S 
forming  all  wor|c  necessary  to  convert  the 
mclude  the  receiving,  checking,  promptly 
the  metal  work  required  to  make  one  spaa 
shown  on  drawing  lA),  the  extra  members  on 
the  machinery,  apparatus,  and  electrical 
and  towers,  and  the  metal  in  counterwei|^tli| 
demurrage  due  to  cars  not  being  promptly* 
justing,  riveting,  deaning,  fiunishing  the  paiiri|f 
metal  work;   furnishing  and  applying  oO  foi^ 
guides;   furnishing  and  applying  dressing  fcir 
terials  and  building  complete  the  machinery 
rials,  except  the  enclosed  steel,  and  building 
terweights;   periorming  all  work  necessary  td 
operating  condition;  and  the  furnishing  of  tlto 
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iMM  be  #vm,  tti  ieoazntdty 

Qie  CQwHnM  WU&aBm  M|Wf|f 

tat  ipie 'flhoiiM  be  talD^  thtt^  tbe  ftapoui  ^ 
^ iMtf Wirt lllMtfif>h* thft flime vitoe iiirixMiiid*    If 

lOtimd  iM  and  meehfaieiy  metal,  as  is  dt^oi 

km  «o  faiidBeaf^i  cj^^        where  qae  dain  ol  as^al^^ 

ia  a  Bet  of  nearljr  every  Idad  of  matelal  Md  |jmk 
eonatructiqn  of  the  supeielinictuie  of  a  efeeel^bri4e^i^ . 

ikdbmry  aferuetimd  eted.    (Can  be  divided  into  eeyeral  Hwia  U 
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llafihiiiiFay  ttietal  (this  uhqt  all  be  grouped  together 

IlkiU  steel  or  ot^ 
flKTfBiMk  for  a^^ 

^Oopiripieor  fefaforoed  oonorete  baee  hx  main  foadway. 
lOj^Jc^^  ooQcrete  slab  f<«  sidewalks. 

timber. 

Is  and  their  attachments  (includfaig  spedal  rail 


•3.,  J . 


id  other  eleetnc  amiaratus. 
or  other  Ui 
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and  switches  for  tracks, 
aiqparatus. 
rapes  and  their  attachments. 
Mpe  dressing. 

or  other  materials  in  counterweif^ts. 

houses, 
trestle  approaches, 
jpotection. 

work. 

of  ddqMms. 
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'''^  TIbb  on  <^ 


Vf .  Curbnig  on 
SB.  tyoQQr  ffioe. 
SB.  TabeWork 

40.  Tenqporaiy 

41.  XTntreated 
42/ Treated 
48*  B^srep* 

The  foUowmg  is  a  lirt  of  nearly  eveqr  ktei 
enter  into  the  construction  of  the  mbiErtxiMitWt 

1.  Ordinary  fltnictural  steeL 

2.  Reinforcing  bare.  |i  t/ 
8.  Concrete  in  shafts  of  piere,  pedfuhiH 
4.  Ilrst-class  masonry  in  shafts  of  piam,: 
6.  Second-^slass  masonry  in  shafts  of  pieiii^ 

6.  Untreated  timber  in  cribs  and  caiSHOW 

piere,  pedestals,  and  abutments. 

7.  Concrete  in  cribs  and  caissons  and  hoi 

abutments. 
(N.  B.)    Items  6  and  7  are  frequently 

8.  Granitoid. 

9.  Untreated  timber  piles  fai  and  belovr 

abutments. 

10.  Treated  timber  piles  fai  and  below 

abutments. 

11.  Reinforced  concrete  piles  fai  and  bekuT 

and  abutments.  ^  id 

12.  Untreated  timber  in  pier  protection. 

13.  Treated  timber  in  pier  protection. 
lA.  Untreated  piles  in  pier  protection. 
16.  Treated  piles  in  pier  protection. 

16.  Pile  dykes. 

17.  Mattress  work. 
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18.  Shafts  of  old  piers,  pedestals,  and  abutments  to  be  removed. 

19.  Bases  of  old  piers,  pedestals,  and  abutments  to  be  removed. 

20.  Old  spans  to  be  removed. 

21.  Falsework  to  carry  trains  or  other  traffic. 

22.  Temporary  bridge  or  trestle. 

23.  Earth  in  fills  back  of  abutments  and  in  embankments. 

24.  Macadam  on  earth  embankments. 

25.  Paving  on  earth  embankments,  including  concrete  base. 

26.  Sidewalk  floors  on  earth  embankments. 

27.  Hand-rails  on  earth  embankments. 

28.  Ties  on  embankments. 

29.  Curbing  on  approaches. 

30.  Steel  rails  and  their  attachments. 

31.  Earth  excavation. 

32.  Rock  excavation. 

33.  Riprap. 

34.  Removal  and  rebuilding  of  sewers  and  other  pipes  and  conduits. 

The  following  is  a  list  of  nearly  every  kind  of  material  and  labor  that 
enter  into  the  construction  of  reinforced  concrete  bridges: 

1.  Ordinary  structural  steel. 

2.  Reinforcing  bars. 

3.  Pavement  for  main  roadway. 

4.  Concrete  or  reinforced  concrete  base  for  main  roadway. 

5.  Concrete  or  reinforced  concrete  slab  for  sidewalks. 

6.  Steel  rails  and  their  attachments  (including  special  rail  details  and 

bonding). 

7.  Electric  or  other  lighting. 

8.  Signals  and  switches  for  tracks. 

9.  Interlocking  apparatus. 

10.  Pile  dykes. 

11.  Mattress  work. 

12.  Removal  of  old  spans. 

13.  Removal  of  shafts  of  old  piers,  pedestals,  and  abutments. 

14.  Removal  of  bases  of  old  piers,  pedestals,  and  abutments. 

15.  Downspouts  for  water. 

16.  Earth  embankments  for  approaches. 

17.  Macadam  for  earth  embankments. 

18.  Ties  in  earth  embankments. 

19.  Ciu'bing  on  earth  embankments. 

20.  Trolley  line. 

21.  Falsework  to  carry  trains  or  other  traffic. 

22.  Temporary  bridge  or  trestle. 

23.  Untreated  piles. 

24.  Treated  piles. 
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25.  Reinforced  concrete  piles. 

26.  Riprap. 

27.  Concrete  in  hand-rails. 

28.  Concrete  in  floor  slabs  and  fascias. 

29.  Concrete  in  cross-girders  and  cantilev^  brackets. 

30.  Concrete  in  main  girders. 

31.  Concrete  in  cross-walls  or  spandrel  columns  of  arch  spans. 

32.  Concrete  in  arches. 

33.  Concrete  in  shafts  and  copings  of  colunms,  piers,  pedestals,  and 

abutments. 

34.  Concrete  in  bases  of  piers,  pedestals,  and  abutments. 

35.  Concrete  in  cribs  and  caissons. 

36.  Granitoid. 

37.  Sand  filler. 

38.  Untreated  timber  in  cribs  and  caissons  and  in  shells  for  bases  of 

piers,  pedestals,  and  abutments. 

39.  Earth  excavation. 

40.  Rock  excavation. 

•    41.  Removal  and  rebuilding  of  sewers  and  other  pipes  and  conduits. 

This  clause  should  either  b^in  or  finish  with  a  paragraph  similar  to 
the  following: 

The  figures  given  herein  are  only  approximate,  and  neither  the  Pur- 
chaser nor  the  Engineers  shall  be  held  responsible  in  any  way  for  their 
correctness. 

Example 

The  following  are  the  approximate  quantities  of  materials  in  the 
superstructure.  They  are  to  be  used  in  comparing  tenders,  and  are  only 
approximate.  They  are  not  to  be  considered  in  any  way  as  binding  upon. 
the  Province  or  the  Engineers: 

Superstructure  {without  Lifting  Details) 

Metal  in  trusses,  etc 447,000  lbs. 

Thnber 120  M.  ft.  B.  M. 

Substructure 

Metal  in  cylinders  and  bracing 268,000  lbs. 

Concrete  in  cylinders  and  bracing 831  cu.  yds. 

Concrete  in  abutments 507  cu.  yds. 

Earth  in  embankments 1,125  cu.  yds. 

Superstructure  Lifting  Details,  Machinery ,  and  Towers 

Metal  in  span 21,000  lbs. 

Metal  in  towers 85,400  lbs. 
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Machinery  on  span 16,000  lbs. 

Sheaves  and  bearings  on  towers 7,300  lbs. 

Ropes 3,500  lbs. 

Timber  in  walkways 4  M.  ft.  B.  M. 

Metal  in  counterweight 7,400  lbs. 

C!oncrete  in  counterweight 67  cu.  yds. 

V.  202.  Time  of  Completion 

The  time  or  times  of  completion  of  the  work  should  be  distinctly 
stated  so  that  there  shall  be  no  doubt  whatsoever  concerning  the  date 
at  which  any  important  division  of  the  construction  is  to  be  finished. 
If  the  Purchaser  is  to  furnish  any  of  the  materials  to  the  Contractor,  or 
if  the  latter's  work  in  the  field  is  dei>endent  up>on  that  of  any  other  con- 
tractor, provision  should  be  made  in  this  clause  for  an  extension  of  time 
in  case  of  any  delay  caused  by  the  non-delivery  of  such  materials  in  due 
time  or  by  the  non-completion  of  the  other  contractor's  work  at  the  date 
or  dates  fixed;  and  the  said  extension  of  time  should  be  limited  to  the 
actual  time  of  delay,  unless  the  said  delay  should  run  the  Contractor  into 
a  season  imfavorable  to  doing  his  field  work,  in  which  case  an  equitable 
extension  should  be  arranged  for. 

Example 

If  this  contract  includes  the  construction  of  the  substructure  only, 
the  entire  work  shall  be  completed  within  six  (6)  months  from  the  date 
of  the  contract. 

If  this  contract  includes  the  construction  of  the  substructure  and 
the  erection  of  the  steel  work  and  machinery,  and  the  furnishing  and 
erecting  of  all  other  materials  required  for  the  complete  bridge,  the  entire 
work  shall  be  finished  within  eight  (8)  months  from  the  date  of  the  con- 
tract, unless  in  the  opinion  of  the  Engineers,  the  Contractor  be  delayed 
by  the  non-delivery  of  the  steel  work  and  machinery  f  .o.b.  cars  at  Black 
River  Station,  Louisiana,  within  five  (5)  months  from  the  date  of  the 
contract,  in  which  event  the  time  for  completion  of  the  entire  work  shall 
be  extended  the  amount  of  time  the  Contractor  is,  in  the  opinion  of  the 
Engineers,  delayed  by  the  non-delivery  of  the  steel  and  machinery  within 
the  time  specified. 

If  this  contract  shall  include  the  manufacture  and  delivery  f.o.b. 
cars  at  Black  River  Station,  Louisiana,  of  the  steel,  machinery,  and  acces- 
sories for  the  sui>erstructure,  the  entire  work  shall  be  completed  and 
delivered  at  Black  River  Station,  Louisiana,  within  five  (5)  months  from 
the  date  of  contract. 

If  this  contract  include  the  furnishing  of  all  materials  for  and  con- 
structing the  complete  superstructure,  the  entire  work  shall  be  finished 
ready  for  service  within  eight  (8)  months  from  the  date  of  the  contract, 
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The  Coutfactor  diaU  ociiiiiieDos  iraric 
n^  direct^  aii4  shall  ooiifqim  to  ^'  ^^ 
time  m  whidi  tlie  d^fbreat  parte  ol 
to  tiie  force  required  to  0Qoq>leto  the, 
fied.    Hi  during  the  ooii8truGti(|ii»  i| 
extractor  is  not  maluiig  pio^ 
ri|^t»  alter  giviiig  the  Contractor  ip^ 
undertake  himself ,  either  by 
other  parties,  Hbe  completion  of  the  said 
leetod.    Should  the  Purchaser's  wxk  eoel  Ipi 
would  have  been  feid,  the  difference  shafli  be 
on  the  oilier  hand,  should  it  cost  mofe,  H^ 
to  the  Contractor,  and  shall  be  taken  oiit  cC 
or  out  of  the  bond.    Under  these 
the  right  to  ent^  upon  and  take  temporatfjf: 
inaterials,  and  supplies  of  the  said 
case  that  the  percentage  of  earnings  wltiihiid 
fident  to  make  good  the  defidt,  the* 
reimburse  himself  by  the  sale  of  the  Con 
the  said  plant  shall  be  returned  to  the 
the  work. 

If,  in  the  opinion  of  the  Engineers,  the 
delayed  or  is  about  to  be  delayed  because  of 
or  because  of  the  asserted  inability  of  the 
Purchaser  shall  have  the  right,  after  giving  the 
notice  in  writing,  to  purchase  the  required 
deliver  it  to  the  shops,  and  to  charge  all  ooiito^ 
against  the  Contractor.  ^*^ 

L  204.  Ldguidated  Damages 

For  each  day  (Sundays  included)  of 
€i  the  materials  (or  in  completing  the 
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^  to,  the  iq^isioii  of  the  EngiDeeni^  the  Contractor  be  delagredJbj^  doi^ 

that  aie  abadut^  beyond  hb  oc»itroIy  the  KngiiHwa'i^^ 

an  etbenflion  of  time  f<Hr  the  completion  of  his  contract,  hm 

of  the  amount  thereof  is  to  be  left  entirely  to  the  said 

In  ai|db  a  case  the  liquidated  damages  and  the  bonus  are  to 

from  the  extended  date  instead  of  the  date  origtoal|y  qpe^ 
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4f  the  mateiials  (or  completion  of  construction)  within  the  time 

set  to  the  qjecifications,  the  Contracts  shall  pay  to  ^ 

f^  iiie  EDi^neers  a  sum  <tf  mon^  adequate  to  reimburse  the 

all  eaqpenses  of  every  kind  incurred  hy  them  because  of  the 

lima  tovidved.    This  reimbursement  of  expefoae  to  the  finpneefs  is 

BD  dveumstances  to  be  waived;  but  the  psoper  amount  is  to  be 

irton  tlw  Contractor's  payments. 
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wiH  be  required  to  give  to  the  Purchaser  a  surety-com* 

UMistoetofy  to  the  Purchaser,  in  ihe  sum  of d^dhurs 

!j^w^«ldlr^1^^  faithful  performance  of  the  contract  and  the  qiedfiea* 

Htf  afl  the  terms  and  conditions  therein  contained,  and  for  the 

for  all  materials  and  labor  used  in  the  manufacture  and 

of  tile  structure  (or  structures),  and  to  protect  and  save 

'fKH^T^irdiaser  because  of  injury  to  persons  or  property,  caused 

or  cSaim  of  negligence,  on  the  part  of  the  Contractor,  Us 

or  employees  in  doing  the  work  or  in  connection  there- 

-itiiin  violation,  or  claim  of  violation,  of  patent  rifj^te  hy  the 

llllil  all  loss  of  or  damage  to  the  property  of  the  Purchaser. 

Htott  be  so  drawn  as  to  permit  of  changes  being  made  to 

llPil&eations  during  the  construction  of  the  work,  c^  of 

ito  eompletion,  without  nullifying  m  any  mamnofr 
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liar  nuiterialB  abd  labor  «re  not 
to  withhold  from  the 
mfm  or  sums  to  guarantee  himsdf  afaifiil 
other  poBBible  liensi  and  to  api^  the 
of  such  debts. 

P.  207. 

The  Enguaeers  shall  have  the  ri|^t  to 
work  or  supply  materials  of  any  class  not 
such  to  be  known  as  **  Upclassdfied  Work^*'  ^  In 
are  ordered,  they  shall  be  paid  for  on  the  basis  ^ 
tractor  of  the  materials  and  applied  labor,  flxf$ 
profit,  no  indirect  expense  of  any  kind  being 
articles  or  products  ready  for  installation  are, 
instead  of  the  constituent  materials,  the 
profit  ten  (10)  per  cent  on  the  cost  to  him  oC 
will  be  made  for  superintendence,  insurance,  .CT 
or  for  the  use  of  tools  or  appliances, 
quired  from  the  Contractor  for  all  expeoaoB  of 
ment  for  any  such  work  will  be  idlowed  unlep^ 
by  the  Engineers  before  execution. 
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^^PToiiv  of  the  Ftoimee^^ 

No  bid  will  be  ooDflidfiffed  iMsk  iiliJt^isiil 
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;f^SNil    Vbr  the  mibstnicture,  as  described  ift  Fia»jp«t^  Ariii^^ 
^i^^HnliMty  t€iiddi8  diaU  be  madie  thus! 
aidtalipovk  iit<  pims  aod  bnmig  ginkni  in  platoe,  aod  {raaittbi 
•  *«•....••  cents  per  pound.  .  r  /^rf^ 
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fill  bdiind  abutments, cents  per  cubic  yaiiL' 

r^l'jpltttev  for  the  furmsUng  of  the  superstanieture  inpital- 
iiesfdiQg  ta  Paiagrapih  B  under  So^  of  Ck>ntraety  ahaU  be  made 


iuKb.  cam  at  Trail,  B«  C,  all  of  the  supendaruirture 

1^^  tto^fiied  q)ans, .cents  per  pound. 

Slor  eseeting  the  metalwork  and  completing  the  superstnie- 

t00$imiBpBD»,  accqiding  to  Paragraph  Ounder  Scope  of  Contract: 

^^elieting  tiie  metalwork  and  furnishing  and  applying  the  field 

L/&*. ; cents  per  pound  of  metalwork. 

(and  erecting  m  place  the  timber  floc^i  mduding  the 

^Mittd  fastenin^i  for  the  timber, dollars  ($         ) 

|^#  timber  in  place. 
iMlKuhiBg  tiie  steel  work,  electrical  equipment,  and  the 
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6.  Wot  unioadimt  *»Mi  especting  ttg 
for  foniishiiig  and  ^ppljnnK  ^^  pohil  to 
pound  of  maobiiiay. 

e.  Fot  unloading  and  erecting  the 
kmeiBy  and  tor  fcimiahing  and  aiq)fying  thii 
cents  per  pound  of  metal.  -  -^irh 

d.  For  unloading  and  erecting  the 
and  attadunents,  and  for  f umiriiing  and 
the  same, cents  per  pound  of  wbMU 

e.  For  unloading  and  erecting  the 
nishing  and  putting  in  place  idl  wiring  and  lilt 
appurtenances  necessary  to  make  the  el< 
adequate  for  the  satisfactory  ojieration  of  the 

(•         ). 

/.  For  furnishing  all  materials  for  and 

machinery  house  and  walkways  on  the 

(S         ). 

g.  For  furnishing  all  the  material  f (nr  and 

counterweights, dollars  ($         ) 
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Occasionally  it  is  necessary  to  have  all 
prepared  by  the  Purchaser,  in  which  case  they 
materials  in  a  vertical  line  to  the  left  of  the 
rows  for  filling  in  the  schedule  prices  and  the 

In  such  cases  there  should  be  a  clause  sii 
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c&edt  el  <&B  suceeBBfiil  bidder  will  be  retained  upon  exeedtictf  laf^^^ 

and  aeoq[M»tee  of  boiid.    AH  other  checke  will  be  re^mi0d  tt^ 

tqxm  iOtfibtit&m  of  contract    Any  Udder  who  ref uees  or 

(Id)  days  to  enter  into  contract  after  it  has  bem  awarded  to  Imk  ^ 

declared  breqMiiiflibley  and  his  check  will  be  forfeited  to  the  FitriAaierf 

ttqr  bidder  nei^ect  to  dqxxrit  with  his  tender  the  required  certified 

or  if  there  be  any  irregularity  in  the  check  he  dqxisitSy  or  if  the 

iqxin  wfakh  his  check  is  drawn  be  not  eolvmti  his  tender  sbail  be 
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JBidb  Md  must  be  accompanied  by  an  affidavit  to  the  effeet  that^tbe 

is  genmne  and  not  sham  nor  coUusivei  nor  made  in  the  interest  not 

behalf  of  any  persou  or  oorpcHration  not  named  therein,  that  the  bidder 

not  dhectl^  or  indirectly  induced  or  solicited  any  bidder  to  put  in.a 

Hd  or  mduoed.  aiQr  other  person  or  ccnrporation  to  refrain  from 

a^d  that  the  bidder  has  not  in  any  manner  soug^ti  fay  coQurioni 

seeure  to  himself  an  advantage  over  other  bidders.    Any  l»d  madn 

fsagii  affidavit  oc  in  violation  thereof^  shall  be  abedute|y  void. 
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can  be  withdrawn  after  it  has  been  officially  opened  or  after 

jivte  art  in  the  specifications  for  opening  it,  unless  it  shall  have  been 

more  than  thirty  (30)  days  after  the  said  date  set  for  q^ienii^ 

P.  214.  Award  cf  Cmtraa 

b^i^ JpMeR^aapoarible  after  the  award  is  made,  a  contract  cdmilar  to  that 

liii  the^aeoompanying  form  will  be  presented  in  duplicate  to  the 

i^iddir  for  his  signature,  after  which  both  copies  will  be  signed 

r^  and  one  copy  will  be  retained  by  each  of  the  parties 

» 

iDQr  bidder  is  awarded  the  contract  for  the  work,  he  must, 

by  the  Purchaser,  furnish  satisfactory  proof  of  his  financial 

to  deliver  the  materials  and  carry  on  the  construction, 

these  spedfications.    Failure  so  to  do  will  involve  the 

||e|XMtt  check. 
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Wherever  m  theee  q^eeificaiione  tiie 
it  18  understood  to  refer  to 

Wherev^  m  these  specificttUons  tlie  teitt' 
is  ^nployed,  it  is  understood  to  rrfer  to  . . . . .  ^ ,  r»^ 
auth(Mi2ed  representatives.    Wherever  &e  tiMii-f 
spectors"  is  used,  it  is  imderstood  to  rrfer  tp.t^j^ 
Engineers  (Engineer). 

Whenever  in  these  specifications  the  term  ''tiMf^ 
b  ^nployed,  it  is  understood  to  refer  to  all  the 
tioned  throughout  these  specifications  or  indicat^  41^: 
accompanying  the  same.  "  ^*   -<r 

Whenever  the  term  "Contractor"  is  emph 
mean  any  person  or  corporation  that  may  have 
with  the  Purchaser  for  this  work  or  any  portion 
to  Contractor  applies  equally  to  all  Contractors 
unless  there  is  specific  limitation  to  the  contrary,      'i^. 
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CONTRACT 


Purchaser: 


Contractor: 


Between 


And 


Dated 


For 

. .  at  .... 
(Engineers) 


MEMORANDUM  OF  AGREEMENT,  Made  and  signed  this  day 

of ,  at , 

by  and  between 


the  party  of  the  first  part,  and  sometimes  termed  in  this  agreement  and  in  the  speci- 
fications the  "  Purchaseft"  and 


the  party  of  the  second  part,  and  sometimes  termed  in  this  agreement  and  in  the  speci- 
fications the  *'  Contractor." 
WHEREAS. 


WHEREAS,  The  Contractor  has,  imder  date  of 
satisfactory  tender  for 


,,  made  a 


NOW  THIS  AGREEMENT  WITNESSETH: 

First.  The  Contractor,  for  and  in  consideration  of  certain  payments  to  be  made 
to  him  as  hereinafter  specified,  hereby  covenants  and  agrees  to  provide,  at  his  own 
coet  and  expense,  all  labor,  machinery,  plant,  tools,  and  appliances,  and  to 
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all  in  aooordanoe  with  the  Plans  and  SpedilcmlkMis  hereunto  annexed  and  made  a  pvi 
hereof,  and  will  f uUy  finish  and  comi^ete  the  same  by 


buty  if,  in  the  opinion  of  the  Engbieer,  the  Contractor  be  delayed  or  prevented  in  the 
prosecution  of  the  work  by  conditions  absolutely  beyond  the  control  <^  the  Cmitraclv, 
additional  time  for  completion  of  the  contract  will  be  allowed,  and  the  amount  of  socii 
additional  time  will  be  determined  and  fixed  solely  by  the  Engineer. 

Second.  The  Omtractor  shall  start  the  work  of  construction  as  soon  as  fnactieaUe 
after  the  signing  of  the  contract,  and  shall  carry  on  the  work  with  adequate  diligence 
to  ensure  its  completion  within  the  time  specified. 

Third.  In  consideration  of  the  performance  by  the  Contractor  of  his  covenants 
and  agreements,  as  herein  set  forth,  the  Pnrchaecr  hereby  covenants  and  agrees  to  psy 
the  Contractor  as  follows: 


In  case  the  Engineer  require  the  Contractor  to  perform  work  or  to  supply  materials 
of  a  class  not  included  and  covered  in  the  above  list  of  items  nor,  in  the  opinion  of  the 
Engineer,  described  or  implied  as  included  in  the  above  list  by  the  plans  and  ^)eci- 
fications,  such  materials  and  work  shall  be  paid  for  as  provided  in  the  clause  for  Unclassi- 
fied Work  in  the  attached  specifications. 

*  No  payments,  either  partial  or  final,  are  to  be  made  for  any  material  which  is  to 
be  used  for  falsework  or  plant;  but  payment  is  to  be  made  only  for  materials  which 
are  left  permanently  in  the  finished  structure  and  form  a  part  of  it.    The  Engineer 

*  This  sentence  may  occasionally  have  to  be  modified  or  omitted. 
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may,  at  his  discretion,  allow  temporary  partial  payments  in  advance  of  the  permanent 
woric  as  materials  for  plant  and  falsework  are  employed,  but  the  Contractor  shall  have 
no  right  to  demand  such  compensation. 

Fourth.  The  schedule  prices  to  be  emplojred  in  making  partial  payments  for  all 
work  as  it  progresses  are  to  be  determined  by  the  Engineer. 

Ftfth.  All  material  paid  for  by  the  Purchiecr  shall  be  deemed  to  have  been  deliv- 
ered to,  and  to  have  become  the  property  of  the  said  Pnrchaaer,  but  the  Contractor 
her^y  agrees  to  store  it  and  to  become  responsible  for  it  during  the  continuance  of 
this  agreement.  If  any  of  it  be  lost,  damaged,  or  destroyed  by  floods,  washouts,  or 
fires,  or  by  any  other  means  whatsoever,  the  Contractor  shall  repair  or  replace  the 
same  at  his  own  expense  and  to  the  satisfaction  of  the  Engineer. 

Sixth.  If  the  Contractor  fail  to  complete  the  work  within  the  time  specified,  and 
if  the  Pnrdiaser  shall  nevertheless  permit  the  said  Contractor  to  proceed,  and  continue, 
and  complete  the  same,  as  if  such  time  had  not  lapsed,  such  permission  shall  not  modify 
nor  waive  in  any  respect  any  foVfeiture  or  liability  of  the  Contractor  for  damages  aris- 
ing from  such  non-completion  of  said  work  within  the  time  specified,  and  covered  by 
the  "Liquidated  Damages"  clause  of  the  specifications;  but  such  liabiUty  shall  continue 
in  full  force  against  the  said  Contractor,  as  if  such  permission  had  not  been  granted. 

Further,  if  the  Contractor  fail  to  complete  the  work  within  the  time  specified,  no 
partial  estimates  will  be  rendered  and  no  payments  will  be  made  after  the  date  specified 
for  completion  until  the  Contractor  shall  deliver  to  the  Engineer  for  each  and  every 
such  partial  payment  the  written  consent  of  the  Contractor's  Soretj,  permitting  such 
payment  to  be  made  without  affecting  the  validity  of  the  Bond. 

Seventh.  No  change  or  alteration  shall  be  made  in  the  terms  or  conditions  of  this 
agreement  without  the  consent  of  both  parties  hereto  in  writing;  and  no  claim  shall 
be  made  or  considered  for  any  additional  or  unclassified  work  unless  the  same  shall 
be  authorized  and  directed  in  writing  by  the  Engineer. 

Eighth.  The  Contractor  hereby  assumes  the  risk  of  the  occiurence  of  dela3rs  in  the 
prosecution  and  completion  of  the  work  embraced  in  this  contract;  and  the  amounts 
herdnbefore  mentioned  to  be  received  by  the  Contractor  in  pa3rment  for  the  work 
include  and  cover  that  risk,  and  therefore  the  Contractor  shall  be  entitled  to  no  addi- 
tional compensation  on  account  of  any  such  delays. 

Nintli.  The  Contractor  hereby  agrees  that  he  will  at  all  times  keep  within  his 
control  the  work  covered  in  this  contract  and  will  not  assign  or  sublet  all  or  any  por- 
tion of  it  without  the  written  consent  of  the  Pnrchaoer. 

Tentli.  The  decision  of  the  Engineer  shall  at  all  times  control  as  to  the  interpre- 
tation of  drawings  and  specifications  for  the  work;  but  if  either  the  Pnrdiaser  or  the 
Contractor  shall  consider  himself  aggrieved  by  any  such  decision  of  the  Engineer  he 
may  require  the  dispute  to  be  finally  and  conclusively  settled  by  the  decision  of  arbi- 
trators, one  to  be  appointed  by  the  Pnrchaoer,  and  a  second  by  the  Contractor.  In 
case  the  two  arbitrators  thus  chosen  fail  to  agree,  a  third  arbitrator  shall  be  i4)pointed  by 


By  the  decision  of  these  arbitrators,  or  by  that  of  a  majority  of  them,  both  parties  to 
this  agreement  shall  be  finally  bound. 
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IN  WITNESS  WHEREOF,  the  partMt  Id  <ti^ 
hands  and  oeak.  *    >  ij^yt^ 

Dated  the  day  and  year  first  herein  written. 
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CHAPTER  LXXX 


GLOSSARY  OF  TERBfS 


The  dimensions  to  which  the  following  glossary  of  technical  tenns 
used  in  all  branches  of  bridgework  and  in  its  allied  constructions  has 
attained  are  a  surprise  to  all  concerned  in  its  preparation.  While  it  is 
intended  to  cover  only  those  technical  words  that  are  employed  in  bridge 
engineering  and  construction,  it  includes  all  lines  thereof,  from  the  theory 
given  in  the  technical  schools,  through  the  designing,  manufacture  of 
metal,  and  all  other  bridge  materials,  shopwork,  inspection,  and  con- 
struction— ^up  to  the  completion  of  the  finished  structure  and  all  the 
accessory  works,  such  as  approaches,  shore  protection,  operating  machinery, 
lighting,  and  fire  protection — also  even  the  maintenance  and  operation 
of  finished  structures.  On  this  account,  many  special  words  used  in 
mechanical  and  electrical  engineering  and  in  water  supply  have  necessarily 
been  inserted.  It  has  been  the  aim  of  the  author  to  include,  r^ardless 
of  their  evident  crudity,  the  special  nomenclature  of  the  workmen  which 
is  not  to  be  found  in  the  dictionaries  or  other  glossaries.  Elaborate, 
though,  as  this  glossary  certainly  is,  it  is  possible  that  there  will  be  found 
omitted  some  words  of  more  or  less  importance,  notwithstanding  the 
extreme  care  that  has  been  taken  to  overlook  nothing.  While  making 
it  complete,  the  aim  has  been  to  avoid  padding  by  the  exclusion  of  words 
that  would  be  of  no  practical  value  under  any  circumstances.  Occasionally 
some  far-fetched  term  has  been  discarded,  mainly  because  of  the  inability 
of  all  concerned  properly  to  define  it;  but  such  cases  were  rare.  Those 
simple,  common,  semi-technical  words  in  everyday  use,  which  form  a  part 
of  the  vocabulary  of  the  general  public  as  well  as  of  bridge  engineers  and 
constructors,  have  been  omitted,  unless  a  special  reason,  such  as  given 
below,  has  made  it  necessary  to  include  them. 

Double  words,  like  "Chinese  Windlass,"  are  defined  nearly  always 
under  the  noun,  but  a  cross  reference  is  made  imder  the  adjective. 
Hyphenated  words  are  defined  under  the  letter  of  the  first  word.  Phrases 
are  given  under  the  dominating  or  most  distinctive  word,  and  are  cross- 
referenced  under  the  subsidiary  word  or  words. 

A  group  of  words  related  to  a  single  word  appears  as  sub-heads  under 
that  word.  In  some  instances,  in  order  to  preserve  the  imiformity  of 
arrangement,  it  has  been  necessary  to  define  apparently  simple  words 
in  order  to  introduce  the  sub-headings  in  their  proper  places..  It  is  believed 
that  the  grouping  of  sub-headings  in  this  manner  will  afford  the  reader 
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a  better  grasp  of  the  extent  and  ramifications  of  a  subject  than  could 
be  gained  without  such  a  classification. 

The  beginning  of  the  preparation  of  this  glossary  dates  back  more 
than  a  dozen  years  to  the  time  when  the  author  conceived  the  idea  of 
preparing  a  dictionary  of  technical  engineering  terms  in  English,  French, 
German,  and  Spanish.  The  task  proved  to  be  too  great  for  the  time  that 
could  be  spared,  and  hence  was  abandoned;  but  the  list  of  technical  terms 
collected  for  the  purpose  formed  a  good  nucleus  for  this  chapter.  Later, 
after  the  writing  of  the  book  was  begim,  the  author  enlarged  greatly  the 
first  list  by  selecting  words  from  bridge  specifications  and  from  books 
on  all  subjects  relating  to  steel  metallurgy  and  to  bridge  engineering  and 
construction,  and  also  by  having  his  numerous  field  engineers  send  in 
lists  of  special  words  and  phrases  used  in  erection.  After  all  the  terms 
were  thus  collected  and  placed  in  proper  order,  it  was  found  that  they 
numbered  about  four  thousand,  but  the  author  excluded  some  four 
hundred  of  them,  mainly  because  of  their  not  being  sufficiently  unusual 
or  strictly  technical;  after  which  the  list  was  t3rpewritten  and  made  ready 
for  the  preparation  of  the  definitions.  This  last  work  was  done  principally 
by  the  author's  son  and  future  partner,  N.  Everett  Waddell,  Esq.,  C.E.,* 
aided  by  Robert  C.  Bamett,  Esq.,  C.E.,t  and  the  author's  brother, 
R.  W.  Waddell,  Esq.,  C.E.  Finally,  the  work  was  checked  and  revised 
by  the  author  in  person,  who  desires  here  to  acknowledge  with  many 
thanks  the  valuable  assistance  and  the  careful  and  painstaking  work 
of  the  three  gentlemen  just  mentioned.  They  not  only  defined  the  old  list 
of  terms  furnished  to  them,  but  also  enlarged  it  fully  one-third,  mainly 
by  adding  derivatives,  the  number  of  terms  actually  defined  being  about 
five  thousand,  and  the  number  cross-referenced  about  three  thousand. 

In  view  of  the  large  amoimt  of  labor  and  the  great  care  expended  on 
the  preparation  of  this .  glossary ,  it  is  ardently  hoped  by  all  concerned 
in  its  preparation  that  it  will  prove  of  real  service  to  the  engineering 
profession. 
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Atmeos. — ^The  upper  member  of  the  capital  of  a  column. 

Absdssa. — A  term  in  rectangular  coordinates  referring  to  the  horizontal  distance  of 

any  point  from  the  vertical  axis. 
Abutment. — ^That  part  of  a  pier  from  which  an  arch  springs.    A  structure  sustaining 
one  end  of  a  bridge  span  and  at  the  same  time  supporting  the  embankment  which 
carries  the  track  or  roadway. 
Straight  Abutment. — An  abutment  that  has  only  one  wall,  which  is  generally  at 

right  angles  to  the  longitudinal  centre  line  of  the  structure. 
Stub  Abutment. — Same  as  ''Straight  Abutment/'  q,v. 
T-Abutment. — ^A  straight  or  stub  abutment  with  a  stem  running  back  into  the  filL 

*  Now  junior  member  of  the  firm  of  Waddell  and  Son,  Consulting  Engineers, 
t  Now  Associate  Engineer  of  Waddell  and  Son. 
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Ainiflta  Jot   flop  "Jot"  '  *  '  ^^^^ 

or  otlMr  adlmive  mtftttuil  li  whkJL  fo  iAii# 
AtlP  Miiit     An  air  ourjrani  foioodi  upon  ft  JbRi  ^( 
Air  Bnko^-8ee ''Brake." 
Air  OuuBbor^-See  "Chamber.'' 
Air  Cnniprmaor.— See  '*CkmpnmarJ* 
Air  Cufont— See  ''Ciureiit/' 
Air  CttUoii.— See  ''Cudikm.'' 
Air  Cyfadir.-«ee ''Cylinder.'' 
Air  DoQj.— See  "DoQy." 
Air  Gauge.— €ee  "Gauge." 
Air  Gmu-See  "Gun." 
Air  Hammer.— See  "Hammer." 
Air  Holat-See  "  Hoist." 
Air  HMe.^-See  "Hoee." 
Air-lift. — A  hoisting  apparatus  that  operates  by 
Air  Llne.-See  "Line." 
Air-lock. — ^An  air-tight,  double-door  antechamber  o(  m 

men  or  materials  into  or  out  of  the  caisson  an4  ti| 

such  passage. 
Air  Piston.— See  " Piston."  ,   ,,v 

Air  PresBiire.— See  "  Pressure."  ;^i 

Air  Pomp. — See  "Pump.  ji^**. 

Afr  Reamer.— See  "Reamer."  ^' 

Alr-reeelTor. — ^A  reservoir  in  which  compressed  air  Is 
Afr  RiTeter.— See  "  Riveter." 
Air-aettliig. — Hardening  by  exposure  to  air.    Usuami^ 
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*Jfl0%— *A  miiBtaiioe  ooiMUbitf  of  two  or  ttp^^'ipf^^^Mif- "Wiihgrf  'tflifctfilfe 

' .  imCUBK '  QUMKI'  WMB  SPMKBMm  ID  llHHHHwr  liPliWItjfi  iWr  iTtifllinWWWIWnii  iPQpl''^fl0B- 

4U||ip0ii»'^***llfllflll9  top  tRipM  or  iBEDoiyiit  oi  oiefatiMi  wo>v6  tot  iMiiiciiiMi  or  poipi^ 
^  wbHometal  witb  ld|gh^t«nA^aib«B^        loir  apoettc  gril%;  1^^ 
.^puii^  tted.  -''^'  { '^^ .  ^ '  »^ 

HHiiliii.    An  lOosr  tf  iMp|Ktf  «OBtaU«  alMXi^  ten  pw  oont  of  idipiAMi^^'^   3^ 

I#(MMiff»r-490e  "LoQoiiiot^  ^^^M*^  \i 

imtniiiient  for  meMuring  or  estimating  In  fuospcrai  tbe  .qiii(itiiijf^^i^:".:' v- 
i!|^  dfoliie  oiinent.    An  ai^pefe^neter.  ;  v  ^y.i^^^^^^^^^^ 

piii^iiMi.r-Wi^^  for  definite  fon^;  anciyvtailiMdi  Btraetnrdieik  '   ^  ^^'^*)^- 

|^i^lM0inlio«.r--A  metliod  for  Uquidftting  a  debt  by  making  amviuil  iNqri>Milii'# 

fimd  wbieh  In  a  given  time  with  the  aooumulated  interest  beemiBS  0|Mi^' 
^tbtbodebt.  .  .•„  Ms^n'/.. .  "/ 

^lpaiiif--The  sum  of  the  prmcqpal  phis  accrued  interest  for  a  given  time;    til  IjHi^ 
of  a  siniing  fmid  invohring  periodic  depositB  of  money,  the  aoiottnt  of  liliill^* 
land  Sb  the  sum  of  the  "amounts"  of  the  depoats.  ^^;^.?ma 

"Vibralion."  .      n/ 

^AiMftgr/^Ati  a|)|iaratas  widdi  hoids  a  floating  objeot  to  the  bottom,  or  any  A^lki;'* 
for  holdbig  en  object  to  the  ground  or  to 

Andior.— A  rectangular  box  filled  with  lodks,  used  for  anehdilHi  In- 
prift  euirents.    A  slings  or  bridle,  is  attached  to  the  box,  and  to  this  a  fldgt  li-' 

Aadisrit— An  anchor  made  in  the  shi^  of  a  mushroom— used  on  mtiidjr^ 

-A  device  for  anchoring  down  any  part  subjected  to  uplift,  sudi  as  the 
of  t|ie  andiar  arm  of  a  cantilever  bridge. 
Aniil^---The  end  portion  of  a  cantilever  bridge  extending  from  one  of  themidll 
to  an  anchor  pier. 
'Bar." 
"Bdt.** 
*'Pi».'' 
"PBe.'* 
"Plate." 
"Shackle." 
Span." 
it^of  divergence  between  two  interaecting,  straight  lines.    The  tem 
to  lin  ani^te^ron  section,  q.v, 
imi^hoa  section  in  which  one  leg  has  a  bulb  on  one  end. 


AqH  w#e  tfaroM  to  a 

AiJiltff^A  pdbr  jtf^  ■aitai  fM^  MMK 
ami  litU  fai  poatkm  by  tie^dalM  ih«lMl.llMiii 

cMMMdnlar.    An  andte  «wwi^'^  !&  tniliiMi 

''Mm." 

A9^  lj|cNt*— Bee  ''Lsoiiig/' 

AMfe  l4K.---fiMiie  IS ''€9jb  Anfik'' Aik 


"RiqitiirB.'' 
Mgb  ef  T^ntau— See  "Tonk».'' 
A«i^  eTTwIit— Same  as  "An^  of  Toaion,**  f  Ji» 
Aa^  8lral.-*-8ee ''Strut." 
Aogahr  fkactwa.— See  "SVactiire.'' 
Aqgahr  StraiB.~-Saine  as  "Tonknia  Strain,''  qjf. 
Awdar  Veiodtsr.-^ee  "Velocity." 
AntteaL-— To  reduce  the  britttenees  and  jnerosse  tba 

to  a  certain  temperature,  then  ooolmg  dowfy  in  1% 
An«f»aiing  Famace«--See  ''Furnace."  ^  -.r  ^r 

Annsttj. — ^A  regular,  yearly  payment  of  a  uniform  sma  of 
AttTfl. — ^A  heavy  block  of  steel  cm  which  metals  may  be 
AttTll  Vi8e.-See  ''Vise." 
Apex. — The  intersection  of  a  web  member  with  a  ehoid  si 

point. 
Apex  Load.— See  "Load." 

Apparent  Stress.— See  "Stress."  ,^^i 

Approach. — ^The  construction  leading  to  the  end  of  a  hMigk  v 
Apron. — ^A  device  to  protect  a  river  bank  or  river  bed 
Ice  Apron. — ^An  ice  breaker,  or  starting,  placed  on  the 

to  protect  it  from  the  moving  ice. 
Aqueduct. — ^An  artificial  canal  for  the  ccmveyanoe  of  walfll^f 

the  ground. 
AibhraHon  Test  Bar.— See  "Bar." 

Arc — ^A  portion  of  a  curve.    An  arch.  •/ 

Arch. — Any  bow-like  curve,  structure,  or  object,  usually 

generally  spanning  an  opening  and  producing 
Blind  Ardu— An  arch  in  which  the  opening  is  waDai 
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liiw  lAislfc  wDii  Ite  fanift  of  aii  Iiifwtnl  i  n  mmjf 
Afckr-^iMb'li^  WkM  Mm  tern  of  a  portida  df  »  eMa: 
CkwwB  llvwrt  «f  M  iMkr--Tlie  tlumt  or  nnmiiirniwinn  erirting  •Itiie  o^nl' 
anil  dii0  to  tlM  liwdiiic* 

Airtii—  An  BTfih  ifcrigrinrt  on  liie  btib  dT  the  ebttio  tbeofy  of  miiiffilill' 

liil Aidkr-rAltt iidh ID lilMi the Intr^^  en  aidi ollow iln. 

Oiifllitfe  ludkr-An  endi  uliieli  has  a  eurve  of  eooli  nature  tfiat  tibe 
is  piopoftioBil  to  the  dqith  below  a  fixed  horiMntal  pbiM^  and  the 
IMtetne  beeia  to  the  -yeirtlpal  piaeum  a  fiied  latio  dcpendfag  on  the 
aiiiwiiinminilienl  niatfriiifci 
ChiliMd  Ai«lu--An  aidi  in  tdiiflh  the  eori^ 

eiOM  eadi  other  at  any  angle, 
flhiigii  Aiclu--An  aiA  wfak&  hae  one  or  inore  hinfed 
liMVffM  AvdL— -An  eidi  having  ite  intradoe  below  the  axb  or  (^vinging  line. 
ifclk--An  aidi  Hmtted  in  thidneae  to  thait  of  one  briek. 

Andkr— A  beanii  liaving  the  form  of  an  arch,  oonatmoted  of  aevenil 
of  i^anking  bent  to  diape  and  b(4ted  together. 

r— An  ardi  wiiicfa  haa  a  rib  eonipoaed  of  two  kna'ehaped  tniMca. 

Aiidkir--A  linear  aidi  ia  the  equilSbrium  pdygon  for  the  4y«^^ 

to  the  phyaioal  aieh.   In  an  aetaal  aidi  the  leaiatanoe  line  la  the  linear  aidi  m 

actual  loading. 
Meiaa  Ardu— A  type  of  reinforced  eonorete  ardi  In  idiioh  ribe  of  voQed  I-beaBi% 

or  built  up  lattaoe  giidera,  qiaoed  two  or  three  feet  oentreBi  are  ueed  to  atrep^tthftt 

the  eonerete  ardi  band. 
Manier  Aidu— -An  ardi  in  whieh  the  rdnforoement  oonaiBta  of  wire  netting^  oi^e  net 

beinc  phu9ed  near  the  intradoa  and  one  near  the  eactradoa. 
MaHi  rtialered  Ardu— An  ardi  having  an  outline  compoaed  of  a  aeriee  of  eboul^ 
.   ansa  with  different  radii,  giving  an  appraadmation  to  an  eOqiae.    llieae  area  aiil 

earminatrieally  dJapoeed  about  a  vertical  aada  and  occur  in  odd  nittdbera. 
OMJina  ArdkrrAn  ardi  in  wlddi  the  aada  ia  not  perpendicular  to  the  central  tklod^ 

^1^  Bfanirel  Ardb— An  ardi  in  wfaidi  the  roadway  ia  cairied  on  apandrd 

Udowiia  or  rrnaa  walfa 
lilaitMl  Ardlea.— ArdMB  wUdi  are  built  at  the  back  of  a  retaining  wall  with  then 
;    aipia  petpendiflular  to  the  wall,  in  aider  to  rdieve  the  etructure  from  a  pbrtUi 
jkVel  the  lateral  tfaniaty  and  to  inereaae  the  reaietance  to  overturning  by  the  additional 

»ili;iMir-^  ardi  in  whidi  the  faoee  are  perpendicular  to  the  aada  of  the  acffit. 
Wm^MiBk  AHlLr^The  vertical  dietance  from  the  epringing  line  to  the  higJMat  point 
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circular  areh  in  idiich  the  intradoe  ia  leaa  than  a  aemi-drde. 
, A|lilr--fianie  aa  an  "Oblique  Arch/'  9.9. 

ard^wliidi  hae  no  openingi  or  deep  receaaea  in  ite  arch  bane^  and 
eciMipoarid  of  one  material  or  aggregate. 

ANhiTT-Same  aa  **  Spandrd  FIDed  Arch/' 9.9. 
Ar*.-H3ee  "  Spandrd  Braced/' 
>|ni|dt Arck— An  arch  in  which  the  epandreb  are  filled  with  earth  or 


^:,^.^*^«i^. 


■IHnftdrftig  out  the  wedgea  and  lowering  the  centrea,  thua  middDg 
-An  arch  hinged  at  the  piers,  or  abutmenta,  and  at  the  crMO*. 
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Sectknal  Area.— The  area  endoeeditiy  tbp 
Area  Ifemeol.— Same  ae  ''Moment  Mm^"  jf^^^ 
AigOlaeeoiiie.'-Coiitaiaiiig  a  oertain  taaam%,0i 
Arithmettcial  Pfagreeriea,    See  "Fsropeniog^^/,  . 
Anrl0.~^The  edge  or  rid^  formed  by  the  inl 
Artificial  Portlaiid  Cement— See  "Cement.^ 
Aflbeeloa.— A  white,  gray,  or  green-pray;  filiiiMia 
oontaining  but  little  aluminum,  as  tremolite  qr 
earth  flax,  mountain  coric,  and  amiantua.   ft|a 
Asbestos  PacUng.— See  "  Packing.'' 
Asbestos  Paper.— See  "  Paper." 
Ashlar. — ^Large  squared  blocks  of  stone.   Also 
Axed  Ashlar. — ^Ashlar  blocks  which  have  been 
Broken  Ashlar.— CutHstone  masonry  formed  of  aii%%l 

horizontal  joints  are  discontinuous. 
Dressed  Ashlar. — ^Ashlar  blocks  in  vdiioh  the  laoei. 

off  to  a  greater  or  less  degree. 
Rough  Ashlar. — Ashlar  blocks  in  which  the  faces 

used,  rather  illogically,  for  squared  range-masomy.,  .^ 
Small  Ashlar. — Ashlar  blocks  less  than  one  foot  thi^ 
Tooled  Ashlar. — Ashlar  blocks  that  have  been  drcpwjE 
tool. 
Ashlar  Masonry. — See  "Masonry." 
Asphalt. — A  bituminous  material  employed  for 

blocks,  forming  surfaces  of  roads,  etc. 
Asphaltert — One  who  covers  surf  aces  with  asphalt. 


^ 
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Asphalt  Fumace.  —See  "  Furnace." 

Asphahic  Mastic— See  "Mastic." 

Asphah  Rock. — ^A  limestone  impregnated  with  bitmninous  material. 

Asphahmn. — Same  as  ''Asphalt/'  q.v. 

Assay. — ^A  test  of  the  composition,  purity,  weight,  etc.,  of  metals  or  metallic  substances 

such  as  ores  or  allo3rs. 
Assay  Balance. — See  ''Balance." 
Assay  Furnace. — See  "Furnace." 
Assembling  Bolt— See  "Bolt." 
Assembling  Hoist— See  "Hoist." 
Assistant  Engine. — See  "Engine." 
Atlantic  Locomotive. — See  "Locomotive." 
A-Truss.— See  "Truss." 

Auger. — ^An  instrument  for  boring  holes  larger  than  those  made  by  a  bit  or  gimlet; 
consisting  of  a  helix  with  cutting  prongs  or  edges. 

Crank  Auger. — An  auger  operated  by  turning  a  crank;  used  on  metal  or  wood. 

Post-hole  Auger. — A  large  size  hand  tool  for  boring  holes  in  earth. 

Ship  Auger. — An  auger  with  a  long  shank  in  which  two  cranks  are  formed. 

Single  Lip  Screw  Auger.' — An  auger  which  has  a  bit  with  only  one  lip  or  cutting  edge. 
Auger  Bit — A  small  auger  used  with  a  brace  or  a  bit-stock. 
Automatic  Gate.— See  "Gate." 
Automatic  Switch.— See  "Switch." 

Average  End-Area  Formula. — A  formula  for  finding  the  approximate  volume  of  a 
prismoid.     Thus: 

where  V  =  volume, 

A I  —  area  of  one  base, 

^2=  area  of  the  other  base, 
and  I  —  the  perpendicular  distance  between  bases. 

Average  Haul.— See  "Haul." 

AwL — A  sharp,  pointed  tool  used  for  punching  small  holes  in  wood  or  leather  without 
removing  the  material  itself. 
Brad  AwL — A  short  non-tapering  awl,  with  the  cutting  edge  on  the  end,  for  making 

holes  in  wood  to  receive  brads,  screws,  etc. 
Scratch  Awl. — Same  as  "Scribing  Awl,"  q.v. 

Scribing  AwL — A  straight,  sharp-pointed  awl  used  for  making  lines  on  wood  and 
metal;  sometimes  called  a  scratch-awl. 
Ax  or  Axe. — A  hand  tool  used  for  hewing  timber  and  chopping  wootl,  also  in  some 
forms  employed  for  surfacing  stone. 
Broad  Axe. — An  axe  with  a  broad  blade  on  one  side  and  a  hammer  head  on  the 

other. 
Double-bitted  Axe.— A  double-bladed  axe. 
Hand  Axe. — A  small,  short-handled  axe. 
Pick  Axe. — A  hand  tool  similar  to  a  pick,  but  having  broader  blades  set  at  right 

angles  to  each  other. 
PoD  Axe. — An  ax  with  a  rounding  blade  on  one  side  and  a  blunt  head  or  pole  on  the 

other.    It  is  the  most  common  form  of  axe. 
Tooth  Axe. — A  mason's  tool  with  a  double  wedge-shaped  head  and  teeth  on  the 
cutting  edges. 
Axed. — ^A  form  of  stone  dressing.    See  "Dressing." 
Broken- Axed. — A  form  of  stone  dressing.    See  "Dressing." 
Tooth- Axed. — A  form  of  stone  dre^ssing.    See  "  Dressing." 
Axed  Ashlar.— vSee  "Ashlar." 
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Axed  Dresdnf.^-See  "Dreeshig/' 
Axed  Stone.— See  ''Stone.'' 
Axe  Hammer. — See  "Hammer." 
AxiaL — Pertaining  to  or  of  the  nature  of  an  axis. 
Axial  Stress.— See  ''Stress." 
Axiom. — ^A  self  evident  principle  or  fact. 

Axis. — ^A  line  about  which  a  figure  or  a  body  is  synometrically  arranged,  or  about  wiiiefc 
such  a  figure  or  body  rotates.    A  principal  line  throu^  the  centre  of  a  figure  or 
solid.    A  fixed  line  along  which  distances  are  measured  <^  to  which  positions  are 
referred. 
Eecentric  Axis. — ^An  axis  that  does  not  pass  throu^  the  centre  of  gravity  or  the 
centre  of  figure  of  the  body  considered.   The  axis  about  which  an  eccentric  revolves. 
Longitadinal  Axis. — An  axis  in  the  longitudinal  direction  of  the  figure  or  body  con- 
sidered, and  generally  passing  through  the  centre  of  gravity  or  the  centre  of  figure. 
Neutral  Axis. — ^The  trace  of  that  plane  in  a  beam  where  there  is  no  tension  or  com- 
pression and  where  no  deformation  takes  place. 
Polar  Axis. — ^An  axis  at  right  angles  to  the  plane  of  rotation. 
Axis  of  Gravity.— See  "Gravity." 
Axis  of  Symmetry. — See  "Synunetiy." 
Axis  of  Pressure. — See  "Pressure." 
Axis  of  Resistance.— See  "Resistance." 
Axis  of  Rotation.— See  "Rotation." 

Axle. — ^A  pin  or  spindle  about  which  any  wheel  or  member  revolves. 
Blind  Axle. — ^An  axle  that  does  not  communicate  power;  also  called  a  dead  aade. 
Driving  Axle. — ^An  axle  which  communicates  motion  to  other  parts  of  a  machine. 
The  axle  of  a  locomotive  which  receives  power  from  a  steam  piston  through 
connecting  rods. 
Thmst  Axle. — An  axle  subjected  to  a  longitudinal  thrust. 
Axle  Concentration. — See  "Concentration." 
Axle  Load.— See  "Load." 
Azimuth. — The  angular  position  of  an  object  referred  to  a  meridian. 

B 

Babbitt  MetaL— Sec  "Metal." 

Baby. — A  bundle  of  willows  or  other  brush  tied  together  and  enclosing  small  rock, 

thrown  into  a  stream  to  protoct  the  bank.    More  properly  termed  a  **  fascine." 
Back-fllling^-8eo  "Filling." 
Backing. — A  course  of  masonry  resting  on  the  extrados  of  an  arch;  the  earth  filling 

behind  an  abutment;  the  interior  filling  of  any  stone  masonry  construction. 
Backing-oat  Punch.— See  "Punch." 

Back-lash. — The  reaction  or  tendency  to  work  backward  in  a  pair  of  gears  when  sub- 
jected to  a  sudden  load.    The  loose  play  between  the  teeth  of  intermeshing  gears. 
Back-sight. — A  level  observation,  or  sitting  back,  to  a  turning  point  or  bench  mark 

of  known  elevation.    A  transit  observation  on  a  previously  located  point  in  the  rear. 

A  fixed  object  in  the  rear  which  is  sighted  upon  from  time  to  time  to  check  the 

orientation  of  the  transit. 
Back  Speed. — ^The  second  speed  gear  of  a  lathe. 
Back  SUy.— See  "Stay." 
Back  Truck  Locomotive. — See  "  Locomotive." 
Balance. — An  instrument  used  to  determine  weights. 
Assay  Balance. — A  very  sensitive,  accurate  balance  used  by  assayers  for  wei^iing 

exceedingly  small  quantities  of  materials. 
Locomotive  Balance. — See  "Locomotive  Balance." 
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Balance. 

Spring  Balance. — ^An  apparatus  for  weighing  articles  by  noting  the  compression 
of  a  helical  spring. 

Balance  Beam. — ^The  graduated  bar  of  a  balance. 

Balance  Block.— See  ''Block." 

Balance  Crane. — See  ''Crane." 

Balanced  Load  Stress.— See  "Stress." 

Bale  Hook.— See  "Hook." 

Balk. — ^A  large  beam  of  timber.    Sometimes  written  "  baulk." 

Ban  and  Socket  Joint.— See  "Joint." 

Ballast. — Gravel,  broken  stone,  slag,  or  other  road  material  put  betwe^  the  ties  of 
a  railroad  to  prevent  them  from  slipping  and  to  give  solidity  to  the  road. 

Ballasted  FkK>r.— See  "Floor." 

Ballast  Hammer. — See  "Hammer." 

Ban  Bearing. — ^A  support  designed  specially  for  lessening  friction  by  the  use  of  balls 
partly  contained  in  sockets,  each  ball  being  loose  and  turning  with  the  object 
supported. 

Ban  Bearing  Jack.— See  "Jack." 

Ban  Check  Valve.-«ee  "Valve." 

Ban  Cock. — ^A  stop-cock  operated  by  a  hollow  sphere  or  ball  of  metal  attached  to  the 
end  of  a  lever  which  turns  the  stop  cock  of  a  water  pipe  and  regulates  the  supply 
of  water.    Used  in  concrete  work. 

Balling  Fnmace.— See  "Furnace." 

Bamng  TooL— See  "Tool." 

BaU  Iron.— See  "Iron." 

BaU  Joint.— See  "  Jomt." 

Ban  Valve.— See  "Valve." 

Baltimore  Trass.— See  "Truss." 

Baluster. — A  small  pillar  or  column,  supporting  a  rail,  of  various  forms,  used  in  balus- 
trades or  hand-rails.    Also  called  "  spindles,"  q.v. 

Banded  Granite.— See  "Granite." 

B.  and  C— Same  as  "Backing-out  Punch."    See  "Punch." 

Band  PuUey.— See  "Pulley." 

Band  Saw.— See  "Saw." 

Bank  Discount— See  "Discount." 

Bank  Protection. — The  prevention  of  erosion  of  a  bank  of  a  stream  by  the  use  of  riprap, 
mattresses,  or  other  artificial  means. 

Bank  Sffl.— See  "SiU." 

Bar. — ^Any  piece  of  Wood,  metal,  or  solid  material  long  in  proportion  to  its  cross-section. 
Also  a  barrier.  An  accumulation  of  silt,  sand,  or  gravel,  or  a  combination  thereof 
which  is  deposited  in  streams  and  forms  an  obstruction  therein. 
Anchor  Bar. — ^An  eye-bar  extending  from  the  shoe  of  a  span  or  tower  into  the  con- 
crete or  masonry  of  the  supporting  pier  or  abutment  for  the  purpose  of  holding 
down  the  span  that  rests  thereon  in  case  that  it  be  subjected  to  uplift. 
Arbitration  Test  Bar. — ^A  form  of  small  test  bar  used  for  determining  the  quality 

of  material  going  into  a  casting. 
Boring  Bar. — A  machine  tool  consisting  of  a  special  bar  with  cutters  attached,  used 

in  a  lathe  or  boring  machine. 
Bucking  Bar. — ^The  bar  on  a  ring  dolly  which  boars  against  a  rivet,  so  as  to  hold 

the  head  during  driving. 
Capstan  Bar.— See  "Capstan." 

Cldsel  Bar. — ^A  heavy  hand  bar  with  a  chisel  edge  on  one  end. 

Claw  Bar. — ^A  hand  bar  with  a  bent,  claw-shaped  point  for  drawing  spikes  from 
railway  ties  or  sleepers. 
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MeiclMuits  Bar.— Wrou||^t4roQ  ban  in  Ubiir 
Mock  Bar.— The  bar  made  by  the  fint  loOiDS  ^ 
Natoral  Bar.— A  bar  of  sand  or  grav«l  fonned^l^ 

prooesB  of  precipitation. 
PIndi  Bar.— A  form  of  crowbar  with  a  ahort 

the  end;  used  to  pry  forward  heavy  objects. 
Paddle  Bar.— Same  as  ''Muck  Bar/'  q.v. 
Reinforcfaic  Bar. — A  bar  or  rod  placed  in 

resistanoey  especially  to  bending  and  shear. 
Sand  Bar. — ^A  deposit  of  sand  in  a  river. 
Shackle  Bar. — A  bar  used  for  pulling  driftwood  £rM  i 
Shaker  Bar. — Same  as  "Pick-up  Bar,"  q,v. 
Splice  Bar. — ^The  short  bar  used  for  making  the  i< 
Spudding  Bar. — ^A  bar  used  to  drill  a  hole  througli 

order  to  make  an  entrance  for  the  rock  drilL 
Switch  Bar. — ^A  bar  which  connects  the  movable  imfliiitj 
Tamping  Bar. — ^A  bar  used  for  tamping  materiaL    <  »<;4 
Tension  Bar. — Any  bar  subjected  to  tension.  :,^^, 

Test  Bar. — ^A  sample  bar  used  in  testing  the  stxengtll. 
Tie  Bar. — ^A  bar  connecting  two  parts  of  a  struoturab 

the  two  rails  of  a  track. 
Z-Bar. — A  rolled  steel  shape  having  a  crosa-sectioil 

all  angles  right  angles.  v  ^i^ 

Barb  Boh.— See ''Bolt/' 
Bar  Buster.— See  "Buster.'' 
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BaiSw— The  apace  occupied  by  a  grotq;»  of  wheela  aiistammg  a  load. 
"Casting." 
"line." 
ifriM|.r-«ee"BaiL" 

;liiJ-^^«ae"flate.^  V 

Fnrpace.    Sec  "Furnace." 
8teeL-^9ee  "Steel" 
"Kg." 
an|^  at  the  cutting  edge  of  a  tool  or  instrument. 
InUied  projection  around  the  bottom  of  a  column  located  Just  abov^  the 
lisrel;  similar  to  the  baseboard  of  a  room. 
"Crib." 
"File." 

"Granite." 
brokflii  bdck. 
"Bolt." 

"Bridge." 
ibpoTi  generally  of  sine,  used  for  washing  bhie  prints.k  a  water  bath, 
|i  or  scantling  of  wood.    A  bar  nailed  across  a  group  of  poralld  boaida 
VbfKii  together.   To  tie  down  or  fasten  aecurdy. 
•A  door  made  of  sheathing,  secured  by  starips  of  boardsb  plaoe<l  fTM* 
i^i^lfiehed  with  clinched  nails. 
"Plate." 
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ki  the  Gray  min  of  four  ralk.   Mamnao^iivdl 
•—A  hcAow  beam,  general^ 

of  platee  united  by  an^h^-ircniB. 

•—A  beam  made  up  of  etruotaa} 

inreted  together. 
Gaailievar  Beam.-— A  beam  supported  ait  one  end  enj^ 
Collar  Beam.— A  horisontal  timber  stretehiiig  firappi 

^pdiich  meet  at  the  top,  and  which  are  above  tiia 
Cenlimioiis  Beam.— A  beam  that  rests  on  three  or 
Gross  Beam.— A  beam  which  runs  transvevsify  l6 
Deck  Beam.— A  rolled  shi^  having  a  "T" 

ment  at  the  lower  end  of  the  stem  or  web. 
Flitch  Beam. — A  compound  wooden  beam  strengUMMd 
Fooliiic  Beam. — ^The  tie-beam  of  a  roof. 
Hanmifir  Beam.— A  short  beam  attached  to  the*  loot  lil 

in  place  of  a  tie-beam. 
I-Beam. — ^A  rolled  structural  shi^  having  a 
Jogitf e  Beam. — ^A  built-up  beam  having  a  joggje,  qjo. 
Leading  Beam. — A  beam  placed  as  a  guide  for  other 
Needle  Beam. — A  cross-beam  supporting  a  k)ad|  used 
Bofled  Beam. — A  metal  beam  made  by  a  rolling 
Simple  Beam. — ^A  beam  having  its  ends  free  and 
T-Beam. — ^A  reinforced  concrete-beam  or  a  rolled 

section  resembling  the  letter  "T." 
Tension  Beam. — ^A  beam  subjected  to  tension  as  well  ii 
Tie  Beam. — ^A  timber  that  serves  as  a  tie  between  waQs. 
Transverse  Beanu — ^Any  beam  of  a  bridge  that  pasaes 

truss. 
Trussed  Beam. — ^A  beam  braced  by  one  or  more 

rods  attached  to  the  ends  of  the  beam. 
Beam  Compasa — See '''Compass." 
Beam  Hanger.— See  ''Hanger." 
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Beam-haiiger  Nuts.— See  ''Nuts.'' 
Beam-hanger  Plate.— See  ''Plate." 
Beam  Simui.— See  "Span." 
Beam-tnissiiig  Posts.— See  "Post." 
Beam-tnissiiig  Rods.— See  "Rod." 

Bearing. — ^The  angular  position  of  a  line  referred  to  a  meridian.    The  support  for  a 

shaft,  axle,  or  trunnion.    The  shoes  for  a  span.    The  resistance  to  crushing  as 

offered  by  a  member.    The  pressure  transferred  from  one  member  to  another. 

The  capacity  of  a  pile  to  carry  load.    The  support  for  a  beam,  pin,  bolt,  or  rivet. 

Allowable  Bearing. — The  maximum  intensity  of  pressure  on  a  support  allowed  by 

the  specifications. 
Ball  Bearing.— See  "Ball  Bearing." 
Centre  Bearing. — ^A  term  applied  to  swing  spans  to  indicate  that  the  dead  load 

support  is  near  the  axis  of  the  pivot  pier  instead  of  near  the  periphery  thereof. 
Even  Bearing. — ^A  bearing  in  which  the  pressure  is  imiformly  distributed. 
Expansion  Bearing. — ^A  support  at  the  end  of  a  span  where  provision  is  made  for 

the  expansion  and  contraction  of  the  structure. 
Journal  Bearing. — ^The  immediate  support  of  an  axle  or  a  shaft. 
Ofl  Bearing. — ^A  bearing  having  a  reservoir  for  oil  in  its  base  and  rings  running  loosely 
over  the  journal,  or  shaft,  dipping  into  the  oil,  so  that  their  rotation  continuously 
carries  the  oil  to  the  jommal  and  thus  provides  constant  lubrication. 
Pin  Bearing. — ^A  type  of  end  support  for  a  girder  or  a  truss  in  which  a  pin  is  used 

to  transfer  the  load  to  the  shoe. 
Bim  Bearing. — A  term  applied  to  swing  spans  to  indicate  that  the  dead  load  is 
supported  by  a  circular  girder  near  the  periphery  of  the  pivot  pier  instead  of 
near  its  axis. 
Becker  Bearing. — A  bearing,  or  support,  for  solitary  trestle  bents  or  cantilever 
spans  which  permits  of  a  slight  rocking  with  the  changing  position  of  the  live 
load  and  with  variations  of  temperature. 
RoQer  Bearing. — A  shoe  or  plate  resting  on  rollers  which  in  turn  rest  on  a  base  casting 

at  the  expansion  end  of  the  span. 
Sand  Bearing. — ^A  bearing  of  confined  sand  used  for  the  purpose  of  lowering  the 
object  that  is  temporarily  supported.    The  lowering  is  effected  by  permitting 
the  sand  to  escape.    Also  the  support  for  the  core  in  a  sand  mould  for  casting. 
Shaft  Bearing. — ^A  support  for  a  revolving  shaft. 

Sliding  Bearing. — ^A  bearing  constructed  so  that  one  part  slides  on  another. 
Thmst  Bearing. — A  support  for  a  shaft  adapted  to  take  up  the  end  thrust  therefrom. 
Bearing  Pfle.— See  "PUe." 
Bearing  Plate.— 8ee  "Plate." 
Bearing  Point. — ^The- point  of  support  for  a  load  or  a  place  where  concentrated  pressure 

is  applied. 
Bearing  Pressure.— See  "Pressure." 
Bearing  Stress.— See  "Stress." 
Beater. — ^A  bridgeman's  term  for  a  maul. 

Becket. — ^A  short  piece  of  rope  with  a  knot  at  one  end  and  a  loop,  or  eye,  at  the  other. 
A  handle  made  of  a  rope  sling.    An  iron  U-strap  fixed  to  a  pulley  block,  so  as  to 
provide  a  loop  for  attaching  a  rope. 
Becket  Bend  Knot.— Same  as  "Sheet  Bend  Knot."    See  "Knot." 
Becket  Bk>ck.— See  "  Block." 
Becket  Hitch.- A  fisherman's  knot.    See  "Knot." 

Bed. — A  surface  or  body  of  rock,  earth,  or  shale  which  serves  as  a  foundation.  The 
foundiation  piece  on  which  a  machine  rests.  A  layer  of  cement  or  mortar  in  which 
the  stone  is  embedded.  To  place  stone  or  brick  in  mortar.  To  embed.  To  place 
a  thing  on  its  bearing. 
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Belliag^— The  material  from  liildi  beHa  ai^  piler 

of  belts  taken  odUeotively.  ...     >.  ni;i^ 

able  links.  .. .,.  ^  ^ 

Belt  Saw.~-Same  as  ''Band  Saw/'   See  ''Seif/^ ,  ^  -^  c  iii 
BendL-^A  table  upon  which  mechaniee  do  their  voi^ 

an  earth  cutting  in  order  toetrengthen  it»  , ,  i^  .^ 

Bendi  Dog.-^-See  ''Dog."  ,  , . ,  ^ 

Bendi-marfc. — ^A  mark  cut  in  a  rook  or  located  90. 

the  elevation  at  that  place  in  a  line  of  levds. 
Bench-table. — ^A  low  stone  seat  carried  around  a  waB* 
Bench  Vi8e.r-See  "Vise." 
Bend. — ^A  band  or  clamp  of  metal  used  to  strengtheo  ji 

bending,  or  the  state  of  being  curved.  ^;; 

Bending  Moment — See  "Moment."  '  ,\ 

Bendfaig  Slab.— See  "Slab." 
Bending  Stress.— See  "Stress." 
Bendfaig  Test.— See  "Test." 
Bends. — A  pneumatic  caisson  disease,  due  to  the 

species  of  temporary  paralysis. 
Bent. — A  condition  of  being  curved  or  kinked.    A 

or  piles  with  bracing,  caps,  and  sills. 
Cluster  Bent — A  bent  having  a  cluster  of  piles 

concentrations. 
Colwnn  Bent. — A  bent  composed  of  colunms  and 

"pUe  bent." 
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Bent. 

Framed  Bent* — A  bent  compoeed  of  framed  timbers. 
Pile  Bent. — ^A  bent  having  piles  for  supporting  posts. 

Rocker  Bent. — A  bent  generally  of  steel,  though  sometimes  of  timber,  hinged  at 
either  one  or  both  ends  so  as  to  provide  for  the  expansion  and  contraction  of  the 
span  supported. 
Solitary  Bent. — A  single  bent  of  a  trestle  that  is  not  attached  to  either  adjacent 

bent  except  by  the  girders  of  the  deck. 
Timber  Bent. — Same  as  **  Framed  Bent,"  q.v. 

Trestle  Bent. — In  trestle  construction,  one  of  a  series  of  bents  carrying  a  deck. 
Bent  Club  DoUy.— See  "Dolly." 

Bent-eye. — An  eye  on  the  end  of  a  bar,  the  plane  of  which  makes  an  angle  with  the 
direction  of  the  bar.    Formerly  used  in  bridges,  but  now  abandoned  as  unscientific. 
Bent  linked  Chain.— See  <' Chain." 
Bent  Loop. — See  "Loop." 
Berm  or  Berme. — ^The  portion  of  the  supporting  soil  of  an  embankment  lying  between 

the  toe  thereof  and  the  sidenlitch. 
Berm  Stakes.— See  "Stakes." 
Bessemer  Furnace. — See  "Furnace." 
Bessemer  Wg.— See  "Pig." 

Bessemer  Process. — A  process  for  making  steel  by  the  decarburization  of  crude  pig 
iron  by  means  of  a  finely  divided  air  current  blown  through  the  metal  when  in 
a  molten  state.    Named  from  its  inventor  Sir  Heniy  Bessemer. 
Bessemer  Steel.— See  "Steel." 
Bethlehem  Beam.— See  "Beam." 
Bethlehem  Column. — See  "Colmnn." 
B^ton. — A  mixture  of  lime,  sand,  and  gravel  forming  a  kind  of  concrete.    Sometimes 

used  as  a  synonym  for  concrete. 
B^ton-Coignet. — A  mixture  of  Portland  cement,  siliceous  hydraulic  lime,  and  clean 
sand  mixed  together  with  fresh  water.    See  "Cement."    Named  after  its  French 
inventor,  a  Monsier  Coignet. 
Bettle. — a  heavy  wooden  rammer.    A  workmen's  corruption  of  "Beetle." 
Bevel. — ^The  slope  on  the  end  of  a  piece;  an  instrument  for  drawing  angles — used  by 

mechanics.    To  slope  or  sharpen  an  edge. 
Beveled-edge. — An  edge  that  is  made  thin  by  bevelling. 
Beveled  Gear.— See  "Gear." 
Beveled  Gear  Jack.— See  "Jack." 
Beveled  Joint.— See  "Joint." 
Beveled  Tie.— See  "Tie." 
Beveled  Washers.— See  "Washers." 
Bevekd  Wheel.— See  "Wheel." 
Bicalcic  SiMcate.— vSee  "SiUcate." 

Bid. — ^To  make  a  price  on  anything.    A  proposition,  either  verbal  or  written,  for  doing 
work. 
Unbalanced  Bid. — A  bid  in  which  some  of  the  unit  prices  are  abnormal,  either  too 
high  or  too  low,  or  generally  both. 
Bight. — ^A  loop  of  a  rope  in  distinction  from  the  ends;  any  bent  part  or  turn  of  a  rope 

between  the  ends. 
Billet. — A  small  bloom;  a  short,  chunky  bar  of  iron  or  steel. 

Bin  of  Material. — A  list  of  the  various  portions  of  material  for  a  construction,  either 
proposed  or  completed,   giving  dimensions  and  weights  or  other  quantitative 
measurements. 
Bin. — A  place  for  storing  materials,  such  as  cement,  sand,  or  broken  stone. 
Cement  Bin. — ^A  bin,  usually  at  the  cement  mills,  in  which  cement  is  stored  for  aging. 
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tjiilr  IwmI  GrapUle.— fteme  m  "€bn4ifeite»''  qj$,  .^/^7.,^« 

MidkiMilli**  fWfe.---fiee ''Foffe.''  ^.^i 

■MfcwiA  Wkk  KMt-fiee  ''Knoe''  -  ,^ 

"Bolt."  ^^ 
"FuznMe.'' 

tted  lnia(.-8ee  "loiot" 

BIbid  AfdL— See  "AndL" 

BIbid  Aile.-See  "Axle." 

BIbid  Beiider.--See  "Header.'' 

BMgter.— To  niee  filmy  ymoltm  on  aiaiABeelgrlbpii^ 

mirfaoe  with  a  Void  beneath.  ^^^  ^ , 

BUer  StoeL-€ee  "Sted."  /  .  "^^  ''?^A 

nodu— Any  obstruction  or  cwne  oi  obstrii0lte|*||||^ 
matter  usually  with  one  or  more  plane  faees;  Mdi^ 
etc.   A  combination  of  a  frame  with  one  or  OKM 
therein;  used  in  connection  with  ropoi  to 
block."    To  obstruct.    To  support  with  Uo^ 
Balance  Blocks. — Small  bkxsks  used  on  coanten«d| 

adjustment  in  counterbalancing  the  span. 
Becket  Block. — ^A  hoisting  block  having  a  beckei  to 
Camber  Blocks. — ^Blocks  of  wood  or  wedges  of 
camber  to  a  span,  and  so  placed  as  to  be  easily 
Cedar  Block. — ^A  paving  block,  usually  round,  mada  i^. 
Chain  BhMdu.-See  "Chain  Bkxsks." 
Chock-a-block. — ^The  condition  of  a  set  of  blocks 

go  no  closer  together.    Called  also  "block  and 
Chock  Block. — ^A  device  for  stopping  the  motion  ol  the 

machine. 
Differential  Block. — ^A  double  block  having  dieaves  q| 
Double  Block. — ^A  pulley  block  having  two  dieavea. 
Fall  Blocks. — Pulley-blocks  used  with  ropes  or  "fi 
Foot  Block. — ^A  heavy  casting  which  supports  the  bmm||^^ 
its  turning.  ,^ 

Gate  Block.— Same  as  "Snatch  Block,"  q,v. 
Gin  Block. — ^A  simple  form  of  tackle  block  having  a 

runs. 
Guide  Bkick.— Same  as  "Guide  Bar."   See  "Bar.'*^   , 
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Laid  Sl^dHbHBlodtti  to  giading  ropes  or  for  lu^diag  tlian  la  a  glv«ii  pdflilka 

wjtkwt  JBUjiwding  JbA  laotoi.   llie  blodn  throui^  ivliioli  the  kcd  B^ 
liafc  Blgcfc.^rA  Mi>dE  in  a  atcam  cpgine  attadicd  to  a  vahre  iteni.  "^^ 

PUdMtil  Biod[u--Siiiie  •■  '^Btm  OartaBg;"  aee  "CtMagJ*    Ako  a  0tottft  Uiiik  to 
■upport a ot^nnm.  w.  ;y«'> 

Htoir  Blodiu— A  type  of  iouroal  bearing  having  a  nonovabfe  cap*    Aiw'^eilfei 
aplumittdrbloidL  '  va:-^  * 

PhnaiiMr  BfedLr-Aone  as  '^Pfllow  Block/'  qjf. 

P(rilqr  BlodL.— A  movable  blodc  or  frame  mqipovting  and  partiafl^  iiik>toiii%,^^iMl 

or  more  grooved  pulkys  or  aheaves.  . .  >       4;^ 

Pw^aae  Blecfc.-rA  doiible-fltrapped  pidky  blodc  having  two  groovee  in  ibi»iMllk^^s 

Qwahm^e  BlodLr— A  hlotk  oontaining  four  flheavee  eithor  ainuaged  ride  bf  aide 

or  in  tandem  fttfhion. 
iJOTnlai  Medu— A  movable  block  m  a  qyatcm  of  taddee. 
Satteor  BlodL.— A  cast  iron  or  eteei  blodc  diahedyW  sauoer  Ampedf  in  which  a^sapalaa 

or  the  bottom  of  a  boom  rests  and  turns  around.  * 

Skae  BlodL.— A  form  of  puD^  hkxk.   Also  same  as  "Base  Casting,"  qj^,   - 
flharfder  Block.—- A  iteave  in  a  frame  having  a  ahoulder  to  prevent  the  rope  thiouitft 
the  block  from  becoming  Jammed. 

Block.— A  pulley  bk>ck  oontaining  one  dieave  only. 

Mack."— A  Mock  having  two  aheaves,  arranged  in  tandem.  '  -^-^ 

BbdL.— A  pttDey  bkxdc  with  one  aide  capable  of  being  opened  for  1JbekMitttt» 
ofavppe.    It  ia  uaed  principally  to  change  t^  direction  of  a  nmning  fine.       -i^^^ 
Windilig  Bkick.— A  pulley  Mode  filed  to  aome  permanent  aiqiport.  ^  ^' 

TUI Blirtt.— An  aoeoaaory  puD^  block  having  a  rope  faatened  around  the  shaB^ 
taka  the  place  of  the  usual  beeket. 
^^^<r9Mii^Blsckr-A  blodc  having  a  aet  of  three  dieavea. 

E^^'^ims  Blacft.— A  biBsring  bkMsk  of  metal  placed  between  the  truaa  rod  and  Hie  Stnil 
-^    ^^  mqI  a'traaaed  beam. 

-;:     Hbck  aai  ttsck^— The  condition  of  the  two  blocka  in  a  tackle  when  drawn  up  tifotk 
Z    ^'i^miAkt.   Alao  caBed  "Two  Blocks"  and  ''Chock-apbikxsk." 

set  of  pulley  blocka  with  hemp  ropea  or  atedi  cabks  roven  through 
ibflaii;  uaed  for  hoisting  purposea  or  for  exerting  a  atrong  pulL  Also  called  "Bfeek 
inllRfeolde." 

1Mde^-8ame  as  ''Bkxsk  and  Falla,"  q.v. 
"Brake." 
se^  of  blodn  which  is  placed  under  anything  to  raiae  and  mippahfUb^  -' 
^'Bdmrner" 
fom^il^  prepared  mass  of  iron  or  steel  nearly  square  in  aection  and  oom- 
^  "^'^^"^ "   short  in  proportion  to  its  thickneaa. 
ade  into  bkioma. 
Wkit    Rdb  in  which  puddle  balls  of  iron  or  sted  are  aqueeaed  into 
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lidrtion  of  the  tune  occupied  by  a  certain  atage  of  a  metallurgical  proeeito 
'Ifca  bfaMt  ia  used.    To  explode.    In  caiaacm  work  the  term  "  blow  "  refera 
of  air  out  of  the  woridng  chamber  ao  that  the  caiaaon  may  drop. 
*Gon." 
d^eet  in  iron  or  steel  oauaed  by  the  eaoape  of  gas  or  air  while 
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"Hook." 
"Knot." 
"Rmtfthit.** 

■BtU  tmokt  or  oanuige^  ramifaic 
the  log  at  rigjit  anjsiflB  to  its  kngth  wfan  on^ 

BoclRMii^-8ee"Ir(m."  ./, 

Bail*— To  bubble  up  or  be  m  a  atate  of  abuOitlQIl 
or  vortex  in  a  stream. 

Boiler.— A  veesel  or  reoqitacle  in  whioh  any  Jiqpdillfi 
LoeomotiTe  BoQer. — ^A  form  of  ateam  boiler  in 
number  of  flues  with  the  snu^  bogc  undor  fjia 

Boier  Plate.-^3ee ''  Plate." 

Boier  SleeL— See  "Steel." 

Boiifaig  Teat— See  ''  Test." 

BoDman  Traaa.— See  "Truss." 

Bolater. — A  perforated  wooden  block  upon  which  abMft 
A  sleeve-bearing  through  which  a  spindle  paasei 
of  a  car  truck  to  support  the  body.    In  stone 
blocks  against  which  the  ends  of  the  pole  of  the  aififi, 
pieces  of  an  arch  centering.  .  A  timber  or  thidk 
end  of  a  bridge  and  its  seat  on  the  abutment. 
Corbel  Bolstera. — Bolsters  made  in  the  form  of  oocfoda. 

Bolt. — ^A  cylindrical  jet,  as  that  of  water.    A  metalHe  |i|i^; 
end  and  a  thread  on  the  other  for  screwing  iqp»  a 
or  parts  of  members  together. 
Anchor  Bolt. — ^A  round,  steel  bolt  embedded  in 

machinery,  castings,  shoes,  spans,  engine  beds,  eto*:^ 
AaaembUng  Bolt. — ^A  threaded  bolt  for  holding  together 
iA  a  structure  during  riveting. 


Btltr- A  dmri  rod  or  aqiuute  bar  to  drive  Into  hdbs  bored  In  ikBbmtmmitti0r^, 
tiiMlfirijaoQiil  iliflkv  Id  dhdi  <tf hiir  of  to  pilw    Tho  laiflli'SffMnl^  ifm^kt^tSBtilffd!. 
fool  to  tvro  feet   A  diift  bott  may  or  magr  not  be  prorvjded  inlb  *  |ieirir0r  iMk 
A  ibtipned  end. 

Boltr-Any  bdt  nmaiir  tothe^'Broihaid  E^tan^bn  BdH,"  ^jpl 

boti  liMiiig.fr  loop  or  egre  «!  one  mi  In  plfree  of  the  wMrtwiniiUpJMb 


[?^^Mi 
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bolt  lor  eeemlai  fr  iih  Joint. 
Belt-^An  onynaiy  bolt  used  to  bold  trteel  moBabcn  togetlMr  iMk  Hie 
ere  being  ftvetedtf  * 
lleer  Beltr-A  bdt  used  in  the  oonetnietlon  of  fr  floor. 

Belt— A  meeomy  bolt  havmg  either  a  head  or  fr  thread  and  niil  ait  oniMt 
Mdfrqdit  with  meertedwedBi  at  the  other.  After  the  bolt,  with  the  wedgiJnieiKl 
in  the  qplit»  le  plaeed  'm  the  hole  it  k  driven  down  so  ae  to  epfead  theeadt^Altt 


-<:*;jf« 


i^m  Boltr-<Hie  length  of  fr  threaded  bolt  meaeured  from  ineldeof  thehead  to 
r)uAMJAfr4tf  the  mit  when  the  latter  k  screwed  on  far  enooi^  to  provide  fufl  thread*- 
Beltr-A  bdlt  whieh  hae  been  notched  with  fr  hatdiet  to  uee  ae  fr  foiboit 
BeH^i    Abolthfrvmg  one  end  in  the  form  of  a  hoc^. 

bolt  joinmg  one  timber  to  another  in  fr  "T"  fonn. 
J!iij>    ftewiff  ae  "Cotter  Pin."   See  <'Pin." 
Iinarle  Belt— A  wedge-ehaped-ended  bolt  inserted  like  the  shank  of  fr  kwk  In  fr 
^j^MBla ihflhA  Ok  fr  etooe  and  fastened  therein  by  pouring  mdited  lead  m#0  thettbi* 
{HHmpjedi  part  of  the  hole.    An  fqre4)dt  similarly  inserted  and  used  like  fr  lewie 
^llpjftmg  heaving  st^        See  "Lewk." 

roond  bolt  to  which  k  welded  a  flat  iron  bar. 
fc|BiH*i    A  threaded  bolt  having  a  straight  shank  and  a  square  or  heaageeal 

bolt  which  holds  together  the  several  parts  of  a  composito  member. 
ae  "Baib  Bolt,"  9.9.  , 

"i;ye  Bolt,"  g.». 
bolt  having  a  square  head  for  turning  with  a  wrench  and  a  wood 
;tl|t  opposite  end  for  entering  wood.   A  form  of  lag  screw. 
lltr--A  bolt  from  which  the  threads  have  been  stripped. 
f^^jjilliL  Some  as  ''Stud  Bolt,"  q.v. 

;:threaded  rod  or  bolt  binding  together  opposite  plates  to  enable  diem 
ifrish  other  against  opposing  pressure,  as  the  stey  bolt  in  a  boikr. 

bdtt  having  a  rounded  head,  notched  for  a  screw  driver,  al^4lie 
^agnare  nut  at  the  other. 
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«l  the  ollMr»  vted  bgr  Miat 
AiNMiill  piil     A  boH  fvUlrii  IMMHH^ 

Tliiiw  Britr-Any  bolt  oiid  in 

9l«grib  BAr-A  bolt  ooaneotkife  tiio  iMlg4l« 

•ItaMic  Bili^^  bolt  and  iw  wmi^ 

m  *JMwtiftiJl  dbank  and  ft  honiioiifti  nnti 
TtaMd  Bdit    A  madiiiie  bolt,  tedinasilr 

irtmiNitiiiplMeithMaikMiKilt   > 
IMolt-A  rod  bent  in  the  shape  ol  the  IfllW  It; 

"Head."  :    Mjjii^* 

"Tile."  ^  vf^fiii« 

Bond.— An3rthing  that  binds,  fastens,  or  holdl 

oonneetion  of  one  stone  to  another. 

of  a  capital  debt  due  by  ft  govenmeDty  m 

individual  holdere,  and  usually  beariag  a  tedf 

connection,  such  as  a  bar  of  copper  wife 

junction.    Also  the  manner  of  laying  fariekl  ti 
Chain  Bond.— A  bond  fonned  by  biwUng  a  ihik^i 

masonry.  •.*>« 

Craas  Bond.— A  masonry  bcMid  in  which  a  oouns 

the  ends  where  headers  are  used,  is  covered  by 

wiUi  stretchere. 
EBfUsh  Bond.^Same  as  "Old  En^ish  Bond,**  qj9^-''^ 
Flemldi  Bond.— A  bond  consisting  of  a  header 

course,  but  so  placed  that  the  outer  end  of  eaob 

stretcher  in  the  course  below.  ^ 

Header  and  Stretcher  Bond. — ^A  form  of  masomy 

stretchers  alternating  in  the  same  row.  ^  '^^ 

Efeart  Bond. — ^A  masonry  bond  in  which  two 

meet  in  the  middle  of  the  wall,  and  have  another 

them. 
Old  English  Bond. — ^A  masonry  bond  fonned  by 

of  headers  or  stretchers.    Sometimes,  though 

for  every  two  or  three  courses  of  stretchers. 
Baadom  Bond. — ^A  bond  in  which  the  stones  or 

stall. 
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A  metbod  used  by  eaipenten  and  maBOOS  to  detenniiie  wMbmt  AipfiMO 
bin  or  out  of  wind.   ItoQDOBtsinplaeiiigtifOBiiiiOarBtraj^tedgQBOiit^ 
Mnllol  to  ^^iioh  other.  »«<i  tuditiziff  over  their  UDmr  odaM  tooeo  ifihof  nobtBkSiBu. 
tiiegr  do  not^  the  surfaoe  le  in  wind.  ^*;  *^^/ « ,  ir^i^ 

cap  ovor  the  end  of  a  pqpe.    A  oaatHoon  plate  bolted  doim  an  a 


m 


long  beam  or  apar  projeeting  from  near  the  foot  of  a  deniok,  and  aiirtgihiiwg 
.4  Ilia  load  that  ia  raiaed  liom  ita  outer  end.   In  i«^i^yM<  the  tenn  ja  UBadvaa,'a 
Qfnonym  f or  a  chord  of  a  tiuflB.  .,  | 

I.— An  ereetor's  hoiating  apparatua,  oonaiating  of  a  timber  or  ^oiiel 
boopiy  without  a  niaat^  having  a  gooaeHoiedk  casting  on  the  lower  end  wokhlf^^in 
a  aaaoer  block  on  a  temporaiy  si]!,  and  held  in  position  by  YAotSkB  and  ^MiUe 
r^^.  attached  tyi  other  porta  of  the  gfafuoture. 

BoaBL— The  long  member  in  a  derrick  which  supporta  the  load  at  iti  outer 

j'-^od.-  ,  /< 

L  tadOe  extending  from  the  end  of  the  boom  to  the  top  of  the  moat 

if^^adeindE.   The  traaamg  placed  below  or  at  the  atdeac^  the  boom  to  atrengtlmi^ 

Gay.^^A.  hne^  cable,  or  adjustable  rod  fastened  to' the  middle  of  a  den^  bfoom 

and  extending  to  the  bull-wheel  to  which  it  is  attached  ao  as  ty>  act  as  a  braee. 

circular  iron  ring  on  the  end  of  a  madt  of  a  derrick. 

••—The  poaiticm  of  the  boom  at  its  greatest  reach. 

-The  place  in  a  derrick  where  the  boom  and  the  mast  meet  and  rest  on  the 


"Tackle." 
make  a  hde  in  any  material  by  cutting  away  a  part  of  it.    To  drilL   Tlie 
or  internal  diameter,  of  a  hole,  tube,  or  pq;>e. 
hde  that  has  been  bored,  such  as  a  boring  lot  a  pier  foundation. 
>— A  boring  made  by  a  core-drill  by  means  of  fdiich  samples  of  the 
paaaed  through,  in  the  shape  of  a  cyliuler  at  oore,  are  brought  to  the 
for  inqieotaon. 

r-A  boring  made  by  a  chum  drill  by  means  of  which  samples  of  the 
penetrated,  in  granular  form,  are  washed  to  the  surface  by  a  flow  of  water. 
"Bar." 
faslM:    Finn  "Gaeina." 

«— A  machine  used  for  boring  holes. 

llaiMne, — A  boring  machine  used  in  bridge  dsops  for  boring  pin4Ki]eB 


Madyncr— An  i^yparatus,  generally  run  by  air,  for  boring  holes  in 


\2^ 


"MiU." 

ensavataon  made  by  the  removal  of  material,  qpecia%  for  use  |a 
fr  hi  building  an  embankment. 

aketdi,  an  outline,  or  a  figure.    A  trou(;h  in  which  bloomety  toolp  are 

part  of  a  shaft  on  which  a  wheel  is  keyed.    A  wooden  vessel  used 
lor  holding  mortar.    A  foreman  'or.sidb-foreman.    One  whp  dias^ta 
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Itlf  tif.-^Aii  !mi  or  stoiBl  bnii: 
ilMiiC  Boi.— A  one^iifioe  typfl^  iof 
hdlw  for  bolting'to  a  aoppori.^ 
SMhig  BoK^—A  device  for  aeeiiilDg  hi 
flboiit  a  movable  rod.    It  odoiiBli  <if 
and  80  arranged  that  paddng  of  ioina 
and  comproBBod,  by  means  of  tigiht,<ailngltaMii|@ 
rod.  ■5"'^^ « 

Tool  Boi.— A  box  for  holding  tods,  gedcfi^: 
for  oonyenienoe  in  carrying  it  about. 

Box  Beam.—See  "Beam/' 

Box  CohamL-^ee  "Column."  . 

Box  CiilT6it.--See  "Culvert." 

Box-drain. — Same  as  "Box  Culvert,"  q.v. 

Box  Gfrder.-«ee  "Gilder." 

Box  Stmt— See  "Strut." 

Brace. — Generally  a  strut  supporting  or  fixing  ia 
times  the  term  is  applied  to  a  tie  used  for  aoflli  a 


of  a  small  tool  used  for  boring. 

Batter  Brace. — ^The  inclined  end  post  of  a  trvm, 

Boom  Brace.— See  "Boom." 

Knee  Brace. — Same  as  "Knee,"  q,v. 

Tension  Brace. — ^A  brace  which  resists  tension. 
Braced. — Strengthened  or  well  interlaced  and  linked 
Braced  Arch.--See  "Arch." 
Bracer. — ^A  brace. 
Bracing. — ^A  system  of  braces,  as  in  lateral  systema. 

Bottom  Lateral  Bracing. — Lateral  bracing  in  the 
truss. 

Cross  Bracing. — Same  as  "X  Bracing,"  ^g.t?. 

Diagonal  Bracing. — Bracing  along  diagonal  lines. 
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Bracing. 

'  Horizontal  Bracing. — ^Bracing  lying  in  a  horizontal  plane. 
Horizontal  Sway  Bracing. — Sway  bracing  in  a  horizontal  plane. 
Ladder  Bracing. — ^Bracing  consisting  of  struts  only. 
Lateral  Bracing. — ^A  system  of  tension  or  compression  members,  or  both,  forming 

the  web  of  a  horizontal  truss  connecting  the  homologous  chords  of  the  opposite 

trusses  of  a  span. 
Longitudinal  Bracing. — Bracing  extending  lengthwise  of  the  structure,  or  parallel 

to  its  centre  Une. 
Lower  Lateral  Bracing. — Same  as  ''Bottom  Lateral  Bracing,"  q.v, 
Oyerhead  Bracing. — ^The  upper  lateral  or  the  vertical  sway  bracing  in  through 

bridges.    The  term  is  usually  applied  to  the  vertical  sway  bracing,  if  there  be 

any;  if  not,  to  the  upper  lateral  bracing. 
Portal  Bracing. — The  combination  of  struts  and  ties  in  the  plane  of  the  end  posts 

at  a  portal  which  helps  to  transf^  the  wind  pressure  from  the  upper  lateral  system 

to  the  pier  or  abutment. 
Side  Bracing. — The  bracing  on  the  sides  of  falsework,  of  a  timber  trestle,  or  of  a 

pony-truss  bridge. 
Stringer  Bracing. — Diagonal  bracing  in  the  plane  of  the  upper  flanges  of  the  stringers. 
Sway  Bracing. — Bracing  transverse  to  the  planes  of  the  trusses;  used  to  resist  wind 

pressure  and  to  prevent  undue  vibration. 
Top  Lateral  Bracing. — Lateral  bracing  in  the  plane  of  the  top  chords. 
Tower  Bracing. — Bracing  attached  to  the  posts  of  towers. 
Traction  Bracing. — Same  as  '*  Train-thrust  Bracing,"  q.v, 
Train-tlimst  Bracing. — ^Bracing  in  the  plane  of  the  bottom  laterals  which  transfers 

the  thrust  of  a  braked  train  from  the  stringers  to  the  trusses. 
Transverse  Bracing. — Bracing  which  is  perpendicular  (or  but  slightly  incUned)  to 

the  centre  line  of  the  structure. 
Upper  Lateral  Bracing. — Same  as  '*Top  Lateral  Bracing,"  q.v. 
Vertical  Bracing. — ^Wind  bracing  lying  in  a  vertical  plane,  such  as  sway  bracing 
Wind  Bracing. — Bracing  which  takes  up  the  stresses  induced  by  the  wind. 
X-Bracing. — ^Any  system  of  bracing  in  which  the  diagonals  intersect. 
Bracing  Frame. — ^A  frame  of  steel  or  timber  built  in  a  manner  to  withstand  distortion. 
Bracket. — ^A  knee,  or  knee  brace,  connecting  a  post  or  batter  brace  to  an  overhead 

strut. 
Cantflever  Bracket. — ^A  bracket  cantilevered  out  from  another  member. 
Comer  Bracket. — A  steel  bracket  rigidly  attached  in  a  re-entrant  comer  of  a  structure. 
Bracket  Crab.— See  "Crab." 
Brad  AwL— See  "Awl." 
Bragger. — Same  as  "Corbel,"  q.v. 
Brake. — ^A  mechanical  device  for  arresting  or  retarding  the  motion  of  a  machine  or 

vehicle  by  means  of  friction.    To  retard  or  stop  motion  by  the  application  of  a 

brake. 
Air  Brake. — ^A  sjrstem  of  braking  mechanism  operated  by  compressed  air. 
Block  Brake* — ^A  brake  used  in  retarding  a  moving  part  by  pressure  from  a  stationary 

block. 
Friction  Brake. — Same  as  "Prony  Friction  Brake,"  q.v. 
Prony  Friction  Brake. — ^A  brake  used  for  measuring  the  efifective  power  developed 

by  an  engine  or  turbine. 
Solenoid  Brake. — ^A  combination  of  a  solenoid  and  a  movable  iron  core  which  is 

drawn  into  the  helix  when  the  electric  current  is  flowing,  thereby  actuating  the 

brake  mechanism. 
Braked-train. — A  train  in  motion  with  the  brakes  set  and  the  steam  shut  off. 
Brake  Horsepower. — S^  "Horsepower." 
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Bridb— Bride  thiit  fotni  tiie  tQiii.«l| 
aBd'ooDsequentfy  k  diraet^  eaqKiMd  to  MlMk^ 
vitrified,  dinlMr  briito  are  hwd,  bilMlBb  irt 

diiift8,etc.  '   ^^^ 

ConcftTe  Bridb— A  bride  of  spedal  iQcm  idtti 

makhig aidies.  '    >«a::i' 

IMdi  Brick.— A  diiiy-looldiig,  hrinMloiie  biiofc 
iMiiic  Brick.— Bride  suitaUb  for  tiw  cxtcflor  «f 

k  required. 
Peflther-edge  Brick.— Same  as  "CompaflB  Bride,**  fJV 
Fire  Brick. — ^A  bride  made  of  pure  day  (or  pan 

bigfa  temperatures. 
Ffemiflh  Brick.— A  qpecies  of  bard  yellow  bride  naedlir 
Hand  Brick. — ^A  scrubbing  bride  for  hand  cfpen$aetL 
Pale  Brick. — ^Under4)umed  bride  and,  tberefore^ 

bride. 
Paring  Brick. — ^Any  hard  bride  used  in  paving. 
Pressed  Brick. — ^A  brick  moulded  from  dry  or 

until  it  is  very  hard  and  smooth. 
Sewer  Brick.— Ordinary  hard  brick,  smooth  and 

construction. 
Slop  Brick.— An  old-time  brick  made  by  depositiiig, 

smoothing  off  the  top  with  a  wet  stick  run  over  tlia 
Yitrifled  Bride. — ^A  glazed  brick,  made  by  fusing  a 
Bricklayer's  Hammer. — See  "  Hammer." 
Brick  Masonry. — See  ''Masonry.'' 
Brfck  Pier.— See  "Pier." 
Bridge. — A  structure  that  spans  a  body  of  water,  a 

for  pedestrians,  or  vehicles  of  all  kinds,  or  any 
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ii^flUtflwl  ifaimtiiw  wlaA  noduMB  niniiitiifiiiii  fc»«K«^  t^  A^-^iiMiiiyii: 

siqnNxrted  by  boats  or  tarse^ 


^IfcMjl     fhiiMi  as  ''BMeMi  Sridce,"  q.v. 
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MiiOr— A  siroeture  at  kut  one  portioii  of  v^iidi  aeta  on  ir  iiifitapmi; 
iwrtatnh^  another  poftion  which  projects  bgycuid  the  eopiwrtiaif  pfar^  ;  ,r«;,;t 


Bridiarf--A  faiidce  oonstnioted  of  tiinbctB  a^ 
MIfar— A  faridfD  which  canioi  both  nilway  and  higjhway  tniffia*     uy 
BMifi^r-A-  faridfD  in  idiich  the  Dsaring  kiads  are  caified  dinxsttgr  ^  tl»|  jniw.. 

or  to  the  upper  portions  of  the  posts. 
t^prt<ga»-^Abaridy  that  may  be  drawn  or  fanned  to  one  side^  cr  lifted  iip»  aiilMir 

or  in  seotioos,  so  as  to  permit  boats  to  pass  under  or  througb  it. 
Brfiga^ — One  that  does  not  move  earoept  for  eipansion  and  oontiaalion  ,  ,  j^r 

as  a ''Jaek^cnife  Bridge,'' g.fr. 
-A  bridge  for  foot  passepgers  on^. 
Mlfar--A  bridge  oonstnioted  of  sticks  of  ti^MT  framed 
Mdgar—A  bridge  composed  of  pkte  or  kttioe  gntders. 
Birklga.    Omiic  as  ''Suqiension  Bridge,"  g.9. 
jMdia^    A  bridgB  over  navigsble  water  having  ample  dearanee  beneath  it  ta 
thapasnngff  of  all  vessel  traffic  without  moving  aepan  or  any  portion  of  om» 
Bridge^— A  bridge  that  carries  highway  traffic  onfy.  ^    ^ 

^  Jill  Bridga^--A  lift  bridge  which  has  its  ends  hinged  together  when  down* ,  ^ 
Mtoe^-Same  as  ''Lift  Bridge,"  q.v. 
Btfii^— -A  small  bridge  consbting  of  a  floor  supported  on  I-beams. 

Bridga^— A  bridge  in  'iriiich  the  lifting  arms  fold  on  themselves  at  midrv . 
lAen  in  a  raised  position.  *  m 

Mlgar-A  bridgB  having  riveted  trusses  with  multiple  inteneetion  web 

PlMga>--rA  foim  of  draw  bridge  in  fdiich  the  rising  leaf ,  or  leaves,  swi^ 


r->  * 


g|mga,    A  bridge  resting  on  legE^  formed  by  a  downward  extension  of  tha  awt 
lostead  of  masonry  abutments. 

4|0r-A  draw  bridge  operated  by  means  of  a  lever. 

type  of  movable  bridge  which  travds  in  a  vertical  pkne^  somat^npa 

WV  M^M^V^^F^F    a^a  ^^^^gnf9 

as  "Lift  Bridge,"  ff.». 
b— A  bridge  over  navigable  water  so  low  that  some  vessels  cannot  ga 
it  without  an  opening  passage  being  provided  in  the  structure. 
Bridgtrf— A  draw  bridge  operated  by  a  motor,  or  a  bridge  ^riiich  carries  motor^ 


mm 


bridge  with  a  "Movable  Span."   See  "Spaa." 
bridge  consisting  of  pile  bents  and  timber  caps,  stringera  and  hmmm^ 
platform  or  roadway  supported  on  pontoons  or  barges.    A 


movable  span  which  retreats  longitudinally  to  allow  Uia 
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JMWI|il<rrA  bridge  iriiich  canies  railway 

Sipiiir  BrfdgAr-A  draw  bridge  ^^ioh  turns  in  a  horiiontal  plane.  j 

J|rtig>.    Same  as  "Pull-back  Draw  Bridge,"  qjo.  .^J^ 

i  bascule  bridge  in  which  the  moving  arm  roOs  on  m.  pli|||it^ 
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Hrtlji  iiit  -Hiat  pirl  cf  fhe  top  of  « 
tli0  podortsls  or  iibo&k  cf  fhs 

irieeeof  iroodplaeedlwAiPBWifa^ 

in  ofdor  to  ptweot  thcni  fironn  i^ifitoMUmi- 

qI  any  opening. 
Mdgfi«  Joiflta.-€kse  "^  Joisto.'' 
Mdgfi«  S(oB0.r-^3ee  ''Stone." 
Brigfs  Logarit]im.^-€ee  "Loganthm.'' 
Briqnette.— A  standaid  shaped  form  or  bkwk 

and  sand;  uaedfor  testing  the  tennle 
Cement  Briquette. — ^A  briquette  made  ol 

straigth  of  the  cement. 
Neat  Briquette.— Same  as  ''Cement  Briquette^*^  f  jr^ 
Sand  Briquette.— A  briquette  made  of  sand  abd 
Briquette  CUps.— See  "Clips." 
Briquette  Mould.--See  "Mould." 
Bristol-board. — ^A  high  quality  of  calendered  oaidboaid 

etc. 
Brittle-zone. — In  nickel  steel  testmg,  the  stage 

limits  for  percentage  of  nickel  in  the  alloy  iriiere 

below  and  above  which  it  is  not. 
Broach. — ^A  boring  bit  or  tapering  tool  for  enlarging 

Also  a  narrow-pointed  chisel  for  dressing  stooeti 
Broached  Dressing. — See  "Dressing." 
Broad  Axe.— See  "  Ax  or  Axe." 
Brohard  Expansion  Bolt.— See  "Bolt." 
Broken  Ashlar.— See  "Ashlar." 
Broken  Ashlar  Masonry.— See  "Masonry.' 
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Broken  Axed. — A  form  of  stono  dressing.    See  "Dressing." 
Broken  Axed  Dressing. — See  ''Dressing/' 
Broken  Coorsed  Rabble.--See  ''Rubble." 
Broken  Line. — See  "Line." 
Broken  Ranged  Rabble.^— See  "Rubble." 
Broken  Range  Masonry. — See  "Masonry." 
Broken  Stone.— See  "Stone." 
Broken  Stone  Concrete. — See  "Concrete." 
Broken  Top  Chord.— See  "Chord." 

Bronze. — A  reddish-brown  alloy  of  copper  and  tin,  sometimes  containing  small  portions 
of  other  metals.    Used  in  bridgework  for  journal  or  pivot  bearings  and  for  name- 
plates. 
Bronze  Steel.— See  "Steel." 
Brooming. — ^The  breaking  up  under  hammering  of  either  the  head  or  the  point  of  a 

timber  pile  and  reducing  it  to  a  fibrous  mass. 
Brashes. — ^The  copper  wires,  plates,  or  carbon  connections  which  make  contact  with 

the  commutator  on  a  dynamo  or  motor  and  serve  to  take  off  the  electric  current. 
Bubble. — ^The  vesicle  of  air  or  gas  in  the  glass  spirit-tube  of  a  mechanic's  or  surveyor's 

level.    A  blister  on  a  steel  surface. 
Bnck. — ^To  resist.    To  afford  resistance.     To  press  against  a  rivet-head  with  a  dolly 

during  driving. 
Buck  Brace. — Same  as  "Cross  Frame."    See  "Frame." 
Bucker-up. — One  who  holds  a  dolly-bar  on  the  head  of  a  rivet  while  it  is  being 

driven. 
Bucket. — A  vessel  for  drawing  up  water  or  materials,  as  from  a  well.    One  of  the  scoops 
of  a  dredging  machine.     In  general  terms,  any  contrivance  used  for  carrying 
materials  in  hoisting. 
Clam  Shell  Bucket. — A  dredging  bucket  composed  of  two  curved  leaves  hinged* 
about  a  point  at  their  top  and  so  arranged  as  to  open  or  shut  at  the  will  of  the 
operator. 
Collapsing  Bucket. — ^A  bucket  which  can  be  made  to  drop  its  burden  by  folding  or 

collapsing. 
Grab  Bucket. — ^Any  dredge  bucket  that  opens  up  and  grabs  its  loading. 
Orange  Peel  Bucket. — A  dredging  bucket  composed  of  four  curved  and  tapered 
pieces,  hinged  at  their  tops  and  so  arranged  that  when  closed  they  form  a  large 
cup  for  carrying  materials.     When  opened  to  their  full  extent,  four  tooth-like 
prongs  are  presented  for  digging  into  the  material.    Loading  is  completed  by  closing 
up  the  four  prongs  or  leaves. 
Bucket  Dredge.— See  "Dredge." 

Backet  Hole. — The  hole  or  shaft  in  which  a  bucket  travels. 
Backet  Pump.— See  "Pump." 

Buckle. — ^To  bend  in  a  lateral  direction  by  a  longitudinal  pressure. 
Backle  Plate.— See  "Plate." 
Buckle  Plate  Floor.— See  "Floor." 
Buckle  Plate  Press.— See  "Press." 
BuckUng  Stress.— See  "Stress." 

Buffer. — ^Any  apparatus  for  deadening  the  concussion  between  a  moving  body  and 
another  body  against  which  it  strikes. 
Hydraulic  Buffer. — An  automatic  device  for  checking  recoil  by  means  of  water  or 
other  liquid  forced  under  high  pressure  through  a  small  aperture  or  apertures. 
Buggy. — ^A  small  wagon  used  for  transporting  material  such  as  rock.     The  carriage 
on  which  a  traveling  crane  rests. 
Timber  Buggy. — ^A  compact  frame  mounted  on  a  single  roller,  used  for  transporting 
heavy  sticks  of  timber. 
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Build. — ^The  maimer  of  oonstruction.    The  form  of  an3rtlimg.    To  frame,  oonstniet, 

or  erect.    The  height  of  a  cut  masonry  stone  or  its  rise,  used  in  oootradistiDetkB 

to  its  bed,  as  a  ''build  joint"  or  a  joint  in  a  vertical  plane. 
Builder'B  Hotet— See  ''Hoist.'' 
Builder's  Knot— See  "Knot.'' 
Bvih  Beam.— See  "Beam." 
BaiU  Channd.— See  "Channel." 
Bvih  Girder.— See  "Girder." 
Bnih  Pile.— See  "Pile." 
Bolb  Angle.— See  "Angle." 
Bulk. — ^The  body  of  a  substance.    A  painter's  tenn  applied  to  pigment  to  signify  the 

total  volume  thereof  plus  the  voids. 
Bulkhead. — A  partition  built  in  a  tunnel  or  conduit  to  prevent  the  passage  of  air, 

water,  or  mud,  or  in  a  form  for  concrete. 
Bull-dog. — Calcined  tap  cinder  from  puddling  fmnaoes. 
BuUdoier. — A  machine  in  which  angles  are  bent  in  small  circular  anas  by  pugsuK 

between  two  supports. 
Bun  Gang.— See  "Gang." 

Bun  Press.— Same  as  "Gag  Press."    See  "Press." 
Bun  Riveter.— See  "Riveter." 
Bun  WheeL— See  "Wheel." 
Bun  Wheel  Derrick.— See  "Derrick." 
Bun  Wheel  PUe  Driver.— See  "PUe  Driver." 
Bunker. — A  bin  used  for  storing  purposes,  such  as  the  storing  of  coal  or  any  other 

loose  material. 
Buoy. — A  float  fixed  at  a  certain  place  to  show  the  position  of  any  object  beneath  the 

water's  surface, 
'Buoyancy. — ^The  upward  pressure  exerted  upon  a  body  by  the  fluid  in  which  it  is 

immersed.    It  is  equal  in  amount  to  the  weight  of  the  water  displaced. 
Centre  of  Buoyancy. — ^The  centre  of  gravity  of  the  water  displaced  by  any  wiiolly 

or  partially  submerged  body. 
Buoyant  Effort. — Same  as  "Buoyancy,"  q.v. 
Buried  Pier.— See  "Pier." 

Burlap. — ^A  coarse,  heavy  cloth  or  mat  made  from  jute,  flax,  hemp,  or  munili^  fibres. 
Burning  Steel.— See  "Steel." 

Burnish. — ^To  polish  by  rubbing;  applied  chiefly  to  metals. 
Burnt  Steel.— See  "Steel." 
Burr. — ^A  partially  vitrified  brick;  a  clinker.    A  protuberance  or  raised  portion  of  an 

object.    A  nut  with  a  screw-thread.    The  rough  projecting  edge  of  a  drilled  hok 

in  steelwork. 
Riveting  Burr. — ^A  washer  upon  which  a  rivet-head  is  swaged  down. 
Burr  Truss.— See  "Truss." 
Bush. — ^A  perforated  box  or  tube  of  metal  fitted  into  certain  parts  of  machinery.    To 

dress  stone,  or  the  manner  of  dressing  it. 
Bushel. — ^A  unit  of  dry  measure  containing  2,150.42  cubic  inches. 
Bush  Hammer. — See  "Hammer." 
Bush-Hammered  Dressing. — See  "  Dressing." 
Bushing. — Same  as  "Bush,"  q.v. 
Buster. — A  machine  for  cutting  off  the  heads  of  rivets;  also  the  edged  tool  which  does 

the  cutting. 
Bar  Buster. — A  rivet  cutter  on  the  end  of  a  bar. 
Bust  Hammer. — See  "  Hammer." 
Butt. — To  strike  by  thrusting;  to  join  at  the  end.    llie  thick,  large,  or  blunt  end  of 

a  timber  or  pile.    The  square  end  of  a  connecting  rod. 
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aiioirt  craa§-wall  bggl  •gainrt  the  main  mSL  to  hjCTPeme  to  ildbtttyi 
Bottrefls^— A  nqspoit  in  the  form  cf  freepnent  c£  an  mh  qniilgiiit  fiipi2#  ^ 
Ikl  man  of  iDMOiiry.  -is^ 

"Gang." 
"Saw."  dk^. 

-An  extra  i»pe  pawing  around  a  valve  or  ohainbar  to  equaliw  praawge  of  to 
a  oc»aplete  stoppage  ol  tbe  flow  of  tlie  fiuid. 

seoondary  or  additionai  product  from  any  manufacturing  prooeas. 
diannel  cut  to  convey  the  auiplua  water  from  a  xeaervmr  or  aqpieduoty 
for  the  purpose  of  preventing  overflow. 


L  heavy  ropcydiain,  or  twisted  wire  rope.  An  aerial  or  undeigro«mdcoiidi|illlBir 
of  electricity  with  insulating  covering.  The  suspending  portions  of  a  sinpffute 
hsidge.  .<>  V 

Cables— A  very  heavy  linked  chain  used  in  place  of  a  sted  wire  caMe  hi  biid|0»- 


OaUow— An  extra  strong  caUe  used  to  give  additional  strength  oar  andhorage 
ihtting  severe  wind-etorms. 

CSalile.— -A  hanger  cable  in  a  suspension  bridge  for  supporting  the  floor 


!&•  *V 


Griilar— One  of  the  cables  forming  the  support  of  the  floor  of  asuqMneiQli 

IVipe  CSaUe.— A  cable  of  heavy  wiroi  or  of  numerous  small  wires  twisted  togetlMr.v   > 

"Caamp.*' 
"Oq)." 
"Hdst." 
"Splice." 
-An  underground  passage  carrying  a  cable  or  cables. 
A  finunework  to  confine  a  ball  valve  within  a  certain  range  of  motion.   A  wire 
ilpiaid  placed  in  frcmt  of  a  suction  opening  to  allow  liquids  to  enter,  but  to  preveni 
tte  pasnngn  of  solids  of  objectionable  siae.    A  skdeton  framework  of  any  khkl 
"Meioanding  any  object. 

eonken  panel  in  a  coffered  ceiling.    A  watertai^t  box  or  casing  nsed  in 
fcamiifng  and  building  structures  in  water  too  deep  for  cofferdams; 

crib  and  cofferdam  open  to  the  air  and  sunk  by  dredging  within 
;^aioe*ib.   - 

.—A  bottomless  box  or  caisson,  surmounted  by  a  crib  or  shaft, 

which  air  is  pumped  so  as  to  drive  out  the  water  and  thus  permit  worionen 

for  the  purpose  of  excavating  the  bottcnn  and  sinking  the  mass  to  the 

as  "Bends,"  9.9. 
w— Same  as  "Commercial  Hon^)ower."   See  "]&naepoiver." 
"ftiper." 
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-^A  diitt  diM  lor  «|iMiBi 

*'TooL''  ."^ 

Cm DrtL— See ''DrilL'*  ■   '  •       '"  '?&<>' 
Gun*— An  ecoentric;  a  pieoe  fixed.iQKin  a 
duee  a  reeiptDoating  motion  in  a 

Heart  Cam.^A  form  of  oam-uli^  need  Ibr 

uniform  lecqfiiocating  motkm. 
CaBib.-^9ame  as  ''C^am,"  9.9.  ^      ct  yv 

Camber. — The  upward  curvature  of  a  span  aboine  iii 
Camber  nociau-^3ee'<B]ookB.''  ^^^ 

Cambering  Machine. — ^A  machine  used  for  iModfag 
Camber  Jade— See  "Jack." 
Cami>er-8iip. — ^A  slightly  curved  guide  and  support  of 

straight  arches  of  brick. 
Camel-back  Top  Choid.—See  ''Chord." 
Camel-back  Tni88.--See  '"Truss." 

Cam  Shaft-See  "Shaft."  --  ^ 

CanaL — ^An  artificial  waterway  for  navigation.    A  dlMii^> 
Cancellation. — A  system  or  arrangement  of  the  web 
Donble  Cancellation. — ^The  arrangement  of  the  wldb 

complete  systems  of  diagonals. 
Multiple  Cancellation. — ^The  arrangement  of  the 

more  than  two  complete  systems  of  diagonals. 
Single  Cancellation. — ^The  arrangement  of  the  Wib 

one  complete  system  of  diagonals. 
Triple  Cancellation.— The  arrangement  of  the  web 

separate  systems  of  diagonals. 
Candle-power. — ^The  standard  unit  of  Imninous  in 

burning  of  a  standard  spermaceti  candle  at  the 

grains  per  hour. 
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€Mrtiliiyaff.-*-A  omiitowr  bridge  in  whkik  the  traffio  m  borne  1^  » 

by  IkB  toi^^boRdt  w  iKie  iw>»|>qflion  of  tlie  pjMrtii^'      :  ai^^^i  t»> 
GMtflmvr-A  eantflefw  brid^  in  wbieh  the  tmffio  ^|>iMW»;biilw^^ 
.tmns,  m  ecniteMiiilinilk»  ,tO:»-        eiwiiagifer-iihfl^^^^ 
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inojeetingwminaeaiiiaBfirbti^^    •  . 

Bgaehet    Eteo  **Bindkp|,^* 
BMger-^aee  "Bridge.'' 

tiraMi— See  "Tnin." 

^A  eovnring  of  metalcMr  of  tanred  osnvM  at  the  end  ef  ^mp^iopmntf^thsitlk^i 
Ihe  upper  pert  of  a  jouniiJ  bosL    The  tennioal  aection  of  a  ixpe  haviiii  ikfilK^     .. 
«t  the  end*   A  horiaental  tunber  beam  neUag  on  and  joining  m  headi^96^a»49tl  y 
ofpileeortimben.  Thetopofaoolwnn,   The  partoonneetinga>piifl|fft«Q||^l|||^ 
the  woridng  beam*    Ako  a  container  for  an  eiEpkiatve  UMd  in  hleetingi  >.  %  Ji|j;i .  V' 

'.or  to  ee*?^-'.  ■  -'■.•►.':--:fvc5»^'''y-"'- 

Gap.— A  cap  eet  vertioally  on  the  tqp  of  another. 
Gap.-^A  cap  on  a  column  below  the  true  cap.    Abo  e  nnnitmntinn  till  nielwi    /' 
an  intermediate  portion  of  a  etruoture  look  like  the  top.  a^^:j:  i 

lUiMiiMk  CSap.-— Any  cap  used  ip  falaework.  irr  -^^i^.-^  3 

CSap>-*Tbe  iqiper  horiaontal  member  or  meoibeeB  of  a  hand<^^         >u;v> 
'!.'#aiaaiBl  CSap.r— A  bkxsk  of  stone  or  concrete  pbumi  on  top  of  a  footing  t^eifiy 

tlHemiMian  Gap.— A  email  copper  cap,  or  cup,  containmg  fuhninaling  po«derjdiUt> 
e^^iodai  when  struck  a  sharp  blow.  » 

'^0i: '  ^n  i<oa  casting  shaped  to  fit  over  the  head  of  a  pile,  and  having  a  aMilaal>' 
on  top  to  carry  a  tough  wooden  block  which  zeoetves  the  bhnia  of  the 
kaauner.    Jaws  are  provided  on  the  sides  of  the  cap  to  engage  the  leads«    The^ 
rJiiDellkiB^  thecat>  is  to  distribute  the  bk>w  of  the  Hammer  and  to  prevent;the 
heiMtming  of  the  pile  head.    Also  a  timber  cap  across  a  row  of  piles. 

Gaptr^llie  i9per  horiiontal  beam  in  the  timber  framing  supportMig  the^edc 
^joC^alffitbjbfidge. 

*'Chi8eL" 
vppm  part  of  a  column,  pilaster,  or  pier.    The  mon^  vahie  eet  on  the 
or  assets  involved  in  a  business  enterprise. 
m,r^-8w  "Coet." 
Vaiaa.— Same  as  "Present  Worth,"  q,v. 

yebtangnlar  timber  covering  the  top  of  a  row  of  squared  tjmbar 


term  for  a  series  of  caps  in  a  structure.    Putting  a  timber  -oip 
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^^f^^^j^^^^  j^aa^^B* 


"Plate." 

"SltfBW." 
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f.r-fr.^ 
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Italek  C!lw^--A  la&wd  fltf  ^^  1^^ 
Oup  Ow.-*A  tittdc  war  hwriaii »  bo4y  iljMii4 ' 

'^  Kwrtlwi  Ow.— A  mr  tpmkBy  itft«d  wMi  # 
ivboImI  of  DfidgeB* 
JBuii  Ow. — A  mall  fltfroir  momited  OBirJbis 
•oil  opvaled  by  liaii4[Nm«ry  used  to 
npun.  ^>^^* 

IiMMM0f<0  Ow**— A  ]oooiiioliv6  fuA  fiikiMri 
Wu&KBiuMt  Gw«r— A  onr  immiiut  on  raili  ^hhI 
CMboB  SteoL— «ee  "SteeL''.  ^  "^^  "^ 

GhiionniduB.— A  combination  of  flliea  and  oariKM 
in  place  of  emeiy  as  an  alvaaivie  matwriiii         ^'■'^- 
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Carportar's  LereL— See  "Level" 
Carpatar's  Line.-^9ee  "Line." 

Carriage.— Any  part  of  a  machine  that  eaifies  ailftlllif^ 
frame  which  supports  the  steps  of  a  wooden  stdbii;  ^^ 
Wheel  Carriage.— The  frame  or  box  holdmg  the 
Caifidc  Bend  Kwit— «ee  "Knot." 
Case-hardened  Sted.-^9ee  "SteeL" 
Case-hardenfaig. — Converting  the  outer  stnlaee  el 

in  contact  with  charcoal. 
Case  Sted.— See  "Steel." 

Casing. — ^A  wooden  tunnel  ^or  the  powder4iose  in 
is  used  in  making  borings.   A  covering. 
Boring  Casing.— A  wiought-^ron  pipe  from  2H  i 

placed  outside  of  the  dium  pipe,  used  in  driBing  test 
Timber  Casing. — ^Timber  sheathing  used  on  the  ou^ 
Cast. — ^To  make  a  casting  out  of  molten  metaL    A 

a  mould  for  casting  pipes.  '^*^ 

Caster  Wheel.— ^ee  "Wheel." 

Cast  Gear.— ^ee  "  Gear."  i 

Casting. — ^The  act  or  process  of  founding.   That  niiiflli  kii 
metal  into  a  mould. 
Base  Casting.- A  steel  or  iron  casting  upon  wliioli  til* 
Centering  Ca8ting.^A  casting  used  to  bring  a 

when  seated.  x^ 

Chair  Casting. — A  casting  used  to  support  the  end  df 
Cliilled  Castings.— Castings  which  are  n4>ki]y  cooled 
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Cast  Iron.— See  "Iron." 

Malleable  Cast  ''Iron."— See  "Iron.'' 
Cast-iron  Pipe.— See  "Pipe." 
Cast  SteeL— See  "Steel." 

Cmdble  Cast  SteeL— See  "Steel." 
Catch. — ^Any  mechanical  contrivance  used  for  stopping,  checking,  or  preventing  motion. 
Catch-basin. — A  reservoir  placed  at  the  outer  end  of  a  sewer  connection  to  intercept 

the  flow  of  water  in  a  gutter. 
Catch-drain. — Same  as  "Catch-water,"  q,v. 
Catchment  Area. — Same  as  "Drainage  Area,"  q.v. 
Catch- water. — ^A  channel  or  drain  running  along  sloping  groimd  or  pavement  to  catch 

and  cany  away  the  water. 
Catch- work. — Same  as  "catch-water,"  q,v. 

Catenary. — ^A  curve  formed  by  a  flexible,  inextensible  cord  or  chain  of  uniform  weight 
per  unit  of  length,  hung  at  two  points  and  supporting  its  own  weight  alone. 
Inverted  Catenary. — ^A  curve  formed  by  reversing  the  position  of  an  ordinary  catenary 

so  as  to  make  it  convex  upward. 
Transformed  Catenary. — ^A  curve  formed  by  an  increasing  or  decreasing  of  allthe 
ordinates  of  a  common  catenary  according  to  a  given  ratio. 
Catenary  Arch.— See  "  Areh." 
Cat's-paw  Knot.— See  "Knot." 
Cattle  Guard.— See  "Guard." 
Causeway. — ^A  raised  footway  or  road. 
Caustic  Lime. — See  "Lime." 
Cedar  Block.— See  "Block." 

CelL — A  unit  of  an  electric  battery  consisting  of  two  plates  of  different  substances, 
usually  zinc  and  carbon,  immersed  in  an  exciting  liquid  held  in  a  jar,  so  as  to  set 
up  an  electric  current. 
Cement. — Any  composition  which  at  one  temperatiu«  or  one  degree  of  moisting  is 
plastic,  and  at  another  condition  of  temperatiu«  or  moisture  is  tenacious.  A 
mortar  which  hardens.  To  unite  by  cement. 
Activity  of  Cement. — ^The  time  required  for  a  cement  to  pass  from  its  initial  set  to 

its  final  or  hard  set  as  determined  by  the  Vicat  Needle. 
Bittmiinons  Cement. — A  cement  or  mastic  in  which  bitumen,  usually  in  the  form 
'  of  asphalt,  is  the  chief  ingredient. 

BoOhig  Test  of  Cement.— See  "  Boiling  Test." 

Dry  Process  in  Cement  Mannfacture.— The  process  of  making  Portland  cement 

by  mixing  the  ingredients  dry  and  then  burning  them  into  a  clinker. 
Final  Set  of  Cement.— See  "Set." 
Grappiers  Cement. — A  cement  made  in  France  from  particles  which  have  escaped 

disintegration  in  the  manufacture  of  hydraulic  lime. 
Hard  Set  of  Cement.— Same  as  "Final  Set."    See  "Set." 
Hydraulic  Cement. — A  cement  which  sets  or  hardens  under  water.    There  are  three 

common  kinds:  Portland,  natural,  and  Pozzuolana. 
Initial  Set  of  Cement.— See  "Set." 

Laitance  of  Cement. — ^That  portion  of  a  hydraulic  cement  which  escapes  from  concrete 
that  is  placed  under  water  and  which  floats  on  the  surface.    It  is  injurious  to 
concrete,  and  should  be  removed.     Its  formation  in  large  quantities  indicates 
a  defect  in  the  method  of  depositing  the  concrete. 
Liatier  Cement. — Same  as  "Slag  Cement,"  q.v. 

Natural  Cement. — ^Formerly  a  pulverized  stone  which,  without  having  heat  applied, 
acquired  the  property  of  hardening  under  water.  The  term  is  now  applied  to  a 
cement  made  from  natural  rock  (containing  the  required  constituents  in  approxi- 
mately uniform  proportions)  by  calcining  and  grinding. 
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cracking,  or  checking  in  setting  of 
Wet  Ptoecfls.— A  method  in  the  muaimlbamifl^ 

are  mixed  together  with  an  ample  amosttt 

and  ground. 
Cementation. — ^The  proceee  of  converting  wrom^t  iM[|  i 

tact  with  charooaL   The  act  of  oementiBg; 
Cement  Bin.— See  "Bin." 
Cement  Brick.— See  "Brick." 
Cement  Briquette. — See  "Briquette." 
Cemented  Steel.— See  "Steel." 
Cement  Finish.— See  "Finish."  . 
Cement  Floor.— See  "Floor." 
Cement  Gun.— See  "Gun." 
Cementing  Furnace. — See  "Furnace." 
Cement  Kihi.— See  "Kiln." 
Cement  Mffl.— See  "Mill." 
Cement  Mortar.— See  "Mortar." 
Cement  Mould.— See  "Mould." 
Cement  Needle.— See  "Needle." 
Cement  PUe.— Same  aa  "Concrete  PQe."    See 
Cement  Stone.— See  "  Stone." 
Cement  Testing  Machine. — An  apparatus  for  testing 

for  determining  the  tensile  str^igth,  but 

compression. 
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Centering.— See  "Arch  Centre." 

Centering  Casting.— See  ''Casting." 
Centre. — ^The  middle  or  reference  point  of  an  object. 

Meta-centre. — See  "Metarcentre." 
Centre  Bearing.— See  "Bearing." 
Centre-bearing  Draw. — See  ''Draw." 
Centre-bearing  Turntable.— See  "Turntable." 
Centre  DrilL— See  "Drill." 
Centre  line.— See  "Line." 
Centre  of  Bnoyancy. — See  "Buoyancy." 
Centre  of  Displacement. — Same  as  "Centre  of  Buoyancy/'  q.v. 
Centre  of  Grarity.— See  "Gravity." 
Centre  of  Gyration. — See  "Gyration." 
Centre  of  Inertia. — See  "Inertia." 
Centre  of  Magnitude, — ^That  point  in  a  body  which  is  equally  distant  from  all  the 

similar  external  parts  of  it. 
Centre  of  Mass. — See  "  Mass." 
Centre  of  Moments. — See  "Moments." 
Centre  of  Motion. — Same  as  "Centre  of  Rotation,"  q,v. 
Centre  of  Percussion. — See  "Percussion." 
Centre  of  Perspective. — See  "Perspective." 
Centre  of  Pressure. — See  "Pressure." 
Centre  of  Resistance. — See  "Resistance. 
Centre  of  Rotation.— See  "Rotation." 
Centre  of  Stress.— See  "Stress." 
Centre  of  Symmetry.— See  "Symmetry." 
Centre  Pin.— See  "Pin." 
Centre  Punch.— See  "Punch." 
Centre  Vaive.— See  "Valve." 
Centriftigai  Force.— See  "Force." 
Centriftigal  Load.— See  "Load." 
Centriftigai  Pump.— See  "Pump.' 
Centriftigai  Stress.— See  "Stress. 
Centripetal  Force.— See  "Force." 
Centripetal  Stress.— See  "Stress." 
Centroid. — ^The  centre  of  mass,  or  centre  of  gravity.    The  point  of  application  of  the 

resultant  of  a  sjrstem  of  stresses  or  forces. 
Chain. — ^A  connected  series  of  links  of  metal  serving  the  purpo30  of  a  band,  cord,  rope, 
cable,  or  measuring  line.    To  tie  or  fasten  with  a  chain. 

Bent-Unlced  Chain. — -A  coil  chain  in  which  the  links  are  bit  or  bent. 

Cofl  Chain. — A  straight-linked  chain,  in  which  the  links  are  in  the  shape  of  two 
letters  U  joined  at  their  tops. 

Curb  Chain. — ^Any  chain  used  as  a  check  upon  the  motion  of  any  moving  piece  or 
apparatus. 

Endless  Chain. — Any  chain  in  the  form  of  a  loop  without  an  end. 

Hog  Chain. — ^A  chain  cable  or  rod  stretched  over  the  straining  posts  in  a  Hog-chain 
Truss.    See  "Truss."    Same  as  the  rod  used  for  trussing  a  beam. 

Hooic  and  Ring  Chain. — ^A  chain  with  a  hook  at  one  end  and  a  ring  at  the  other. 
CaUed  also  a  "Sling  Chain." 

Hook  Chain. — ^A  chain  having  a  hook  on  one  end  or  one  at  each  end. 

Jack  Chain. — A  small  chain  each  link  of  which  is  formed  of  a  single  piece  of  wire 
bent  into  two  loops  resembling  the  figure  eight. 
^'^    Jet  Chain.— The  chain  which  picks  up  a  pipe  that  is  used  for  the  purpose  of  jetting. 
>^  ^    Kibble  Chain. — ^The  chain  which  draws  up  the  kibble  or  bucket  from  the  hole. 
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CMa  BMia.— Sea  "Brides." 

CMa  GttUa.r-49ea ''Oibla.'* 

CMa  €bilii«ir--8ea  "CMtiiig.'' 

CMa  CmpHic^— See  "Gonplioi.'' 

GMBl>ei.r-See"Dog." 

GMb  Drhra.— a  imwhanlem  oo&rietiBC  id  a 
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"Hdet." 
"Hook." 
GMa  Km(  wMi  a  Togila.-^9ee  "EDOt" 
OudaauBU — Same  as  "Chain  Bearer/'  qjf. 
Ghaia  Pallasr.— Same  as  "Chain  Wheel,"  qjf* 
ChaiB  Ponq^— See  "Pump." 
ChaiB  RiTatfag.— See  "Riveting." 
Chain-amith.— One  who  makes  ohaina. 
Chain  Tape.— See  "Ti4)e." 
Chain  WheeL— See  "Wheel" 
Chaft  Llne.-^9ee  "Line." 

Ciiamber. — ^The  recess  in  an  axle  box  designed  to  hold 
or  an  enckwed  space,  as  the  ohandber  in  a  Tmiiim-  >• 
Air  Cliamher. — ^An  enckwed  space  containiag  air.    la 

to  the  working  chamber  in  a  pneumatic  oaiasoii. 
Air  Worldng  Cliamber. — ^A  chamber  in  a  caisson  into 

to  expel  the  water  so  that  laborers  can  woric  at 
Working  Chamber.— Same  as  "Air  Worldng  CtwnkM^^ 
Cliamfer. — ^To  bevel  or  sharpen  to  a  blunt  edge.  ^  v'/l 

Chamfered  Joint.— See  "Joint."  ;  ^^if 

ClianneL — ^The  deepest  part  of  a  river,  bay,  or  stream; 
navigation.    The  trough  used  to  conduct  moltea 
moulds.    To  form  or  cut  a  channel.    A  structuial  at^ 
bridge  building  and  in  other  steel  constructkms. 
Built  Cliannel. — ^A  shape  in  the  form  of  a  channel 

angle  irons.  d 

Rolled  Channel. — ^A  channel  which  is  rolled  in  one  piaoil^j 
built  channel.  «  i 

Channel  Colnmn. — See  "Column."  ^  tWi 

Cliannding. — ^Making  a  new  channel.    Grooving  or 
QTstem  of  channels  or  gutters. 
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lUidiHiB  for  ooUiBg  giociw  or  okioiMli  .idMil  <(|pMtE|j|^IS|§^ 

as  "Rolled  CahaoiMl,'' f^.  .  .<. 

"Sfcrot.*' 

fimu-^ee  "boo.'' 

"Pile/' 
lilingi  from  mQle  in  which  nno  and  lead  oicb  are  treated, 
man  OBaek  in  wood  due  to  aeaaonlngr  or  in  oQAorele  or  mortar  dxie  tod^^ 
Cawck.r-A  eheek  in  the  heart  of  A  tin^MC. 
Mwtr-«ee  "Nut." 
¥«Ne.-«ee  "Vahre." 

"Waaher." 

"Me."  . 

"Caating."  •     -rrv 

Iraii^-See  "Inm."  . »  ^ 

AmAar.-^ee  "Anchor." 
Ck^ataB.'-^'Sfle  "Oai&Btan.'' 

"Windlaae." 
"ELammer." 
tA  hard  tool  ooDBiating  of  a  ahaip-ended  blade  deaigned  to  out  und«  IIm 
of  A  Mow. 

CUaeL— A  hand  tool'xnade  horn  a  short  ated  bar  living  one  end  flat  and  Ite 
other  tapering  to  a  bhmt  edge  sharpened  at  an  obtuse  an^  to  prevent  breaking. 
XJmd  in  ocmneetion  with  a  hand  hammer  for  tship^ng  cast  iron.  It  difen  from  m 
ooU  ehiael  in  having  a  nan^ower  blade  with  more  stock  behind  H. 

CldacL— <A  hand  tool  made  from  a  short  steel  bar  having  a  flat  top  and  a  tap#^ 
mg  wedgMhaped  end  a  trifle  wider  than  the  shank.  Used  for  cutting  meteb 
idifle  eold. 

rhlael — ^A  heavy  carpenter's  chisel,  used  in  mortising  timbers. 
* — A  mortise  chisel. 
tSM  CUMLr-rA  diiael  used  for  cutting  metate  while  hot. 

flrtsel— A  stone  mason's  chisel  for  making  a  well-defined  edge  to  the  hm 
^^  a  atae  block. 

• — ^A  heavy  chisel  used  for  cutting  off  bolt  heads, 
wedged-ehaped  chisel. 
IB  "Pitching  Chisel,"  q.v. 
Bar^-fiee  "Bar." 

"Draft." 

"Dressing." 
hlooki  a  piece  of  wood,  or  other  material  specially  prepared  and  genen^Sr 
«lia|wd,U8ed  to  prevent  movement  by  insertion  under  wheels,  etc    To 
by  pitt^iitg  a  chock  into  or  under  a  moving  object,  or  mie  that  is  likely  to 

[.    Said  of  a  tackle  when  the  blocks  are  so  dose  hauled  aa  lo» 
farther  motion. 
"BkKjk.'* 
•''Hat  portkm  of  a  truss  the  main  function  of  which  is  to  resist  bending  on  Ite 
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w^n 


'■vfclJW^l !  list 


"The  lower  member  oi  a  truss,  usually  resisting  tension. 

top  chord  in  which  each  successive  segment  deviates  or  defleeta 
h^HB  contigiious  segment,  at  the  panel  point. 
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''iJt!'^^ 


ClMBk^A  device  elUM^Ml  to  li  wiyyildi^  dhiiilfe 
ebieet  to  be  tianed.  '  < '  ^t  <^£^ 

IMH  OhkIu— A  t^pe  of  efaufllc  mlMLhM00 

Ctara  DrilL— See  ^'DriH'*  -       'yi^M'^i 

Gknto.— An  loelmed  tioag)i  or  pqie  aloof  ii4illr 
to  a  lower  level   Ako  q»dled '^Sbooi;*'  ^^  *^^   <^^ 

Cfactare.~A  ring,  list,  or  fillet  at  tlie  coda  of  a  odtoiiiJI 
from  the  capital  or  the  base.  i  \'\'*c(ri^ 

Qmler. — Slag,  especially  that  produoed  faoni 
Ordinarily  the  residue  of  burnt  ooalf  being  tto 
to  form  lumps.  wwiiw. 

Pnddle  Cinder. — Cinder  removed  from  the  moHm 
the  impurities  has  been  completed.  -  '^'^^^^ 

Cinder  Concrete. — See  "  Concrete,"  t^- 

Cinder  Pig.— See  "Pig."  Um 

Cinder  Podcet.— See  "Pocket."  W 

Cinematics. — Same  as  "Elinematics,"  9.0. 

Circle. — ^A  graduated  plate  on  a  transit. 

Circuit. — ^The  arrangement  by  which  an  electrical 
two  poles  of  a  generator  or  battery. 

Circuit-breaker. — A  device  for  automatically  openbgtii 

Circular  Arch.— See  "Arch." 

Circular  File.— See  "File."  «5*ir% 

Circuhir  Girder.— See  "  Girder."  1 

Circuhir  Pitch.— See  "Pitch." 

Circuhir  Saw.— See  "Saw."  ti^ 

CUwik  Valve.— See  "  Valve." 

Clamp. — An  instrument  or  tool  consisting  of  two 
gether  by  a  screw  or  other  suitable  mechanism, 
by  pressure.    One  of  a  pair  of  movable  cheelai  om 
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Jmkmdi  lor  leeisiiig  or  attaeUilg  Ike  mi  of  mtop^  to  mm  dbfMi    V^  >  ;CiA^ 
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Screw.— A  danip  Ofwnited  by  ^  tliamlHMrew. 

Dwdteftr-flee "Dredge."      ,  :'-^^;;:!y.   -^ 

Aiw  hnaawia.  AitMiiii  duUMd.  Hid  UBed  fHiliSMl  <bf  illillrfli*  ^  ''^'^>^  '  ^'A 

Vahe^-See  "Valve.''  n  ^  n>r>      f| 

. — ^The dtetributioii into  eets,  tfortai  or xankB.  -  '      l^W >.       I 

>-To  aminge  in  flenww,  aorta,  or  lanloi  aeoordaig  to  wi»  'aMtitod^^tetttliiti;^'  ■!? 
on  eonunon  charaetenbtioB  in  the  objeeta  ao  ainoiged.  '  ^  ^^^^^t    ^^f^ 

r.— A  ifOit  provided  at  the  end  of  a  bar  or  a  hammer  for  taldt%  hold  of  ttfe  Ig^^ 
of  naOa,  ipikeay  or  bolta  ao  aa  to  withdraw  them  from  wood.  '  ">^  *  *  ^*t^    .  ,^  *, 

»— A  balk  or  a  beamy  naed  in  making  floating  faridgea.  '  '^^-  >      l^ 

"Bar."  ->  -^jj^^O  ^<,.;^i 

"Coiqiling.''  :>iai  f       - 

r.--8ee  "Hammer/' 

"Wienoh."  -^  ■  ^.-^^       ,;.. 

^HlaiAa&r-Cnoka  fiUed  with  day,  aa  ia  aometjmea  done  in  forma  for  ooneretoir'  • 

"Pttddle.'*  •^'    ^ 

»— The  i|Mu»  aUowed  for  the  paaaage  of  any  Tehide  or  eraft  thioui^'or  wnr   . 
%  eitaiiliiietion.   The  additional  qwrn  alkwed  for  the  iSttfaig  togeU^ 


Oiver  that  nominaQy  required,  in  order  to  provide  for  alii^  hnregulatitlaaitf  iMfr* 

'^'^^Aianeyn  or  maletialB. 


'^^ 


CleManee  or  Lateral  Clearaaee.-— The  horiaontal  epaee  allowed  lor  the 
of  any  vehicle  or  craft  through  or  near  a  oonatruetion. 
Cliaianinj,— The  vertical  or  overhead  epaee  allowed  for  the  paaiage  ^  aiqr 
"teyofo  or  eraft,  meaaured  above  the  roadway  or  the  watior  leveL 

''Diagram." 
"Line." 
.— ^The  vertical  distance  from  the  upper  surface  of  a  floor  to  the  lowest 
'  rj^arl  of  the  overhead  bracing.    It  ia  the  measure  of  hd^it  o£  the  talleat  vehidfr 
r'^  Hoii  eould  pass  throo^  the  bridge.    Also  the  vertical  distance  from  the  water 
«<^^.illlfiaiBa  or  the  ground  to  the  lowest  part  of  the  siqMrstructure. 

."Roadway." 
"Sipan." 

"Waterway." 
pjeoe  of  wood  or  iron  with  jxrojecting  prongs,  used  for  belaying  or  winding 
^^i^lii)^  en  so  aa  to  make  them  f ast 

part  ttr  divide  by  force.   To  rend  asunder,  aa  to  deave-wood  or  rode 
iBBBBer.— See  "Hammer." 

eonaeeting  iron  bent  into  the  form  of  a  horsedioe,  stixrup,  or  letter  "0. 
In^ar^riiafai  shaped  like  the  letter  U.   An  adjusting  iHcce  for  bridge  meoibeis 
tangth. 
>lHtt/' 
*'Batohety"  f4^ 
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TliK>  liliiiiMl  jiifp  qii 
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■  tirfqyMitIo  wikile  bdbig  itraM^ 
CMii  OipSr— A  diBviw  lor  luBB^^^  in 
■llaiiliing  ai^jrtlttng  to  a  odbbw  . .« <  ,^'  ^  -. 

fipom  dipping. 
jaiililB  ^Mf^—^A  tap  WQuea  ogr  s 

"Pulley." 

"Ckiiiiiiiii.'^ . 
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"Line." 
"Pile." 
€3of«.fiitdLr-8ee  "Knot." 

"Bent," 
Ctateii^— A  movable  ooupUng  or  loddng  or  wohiMug 
moUoiL 
CSoa  MdlMi  CMdh.— A  frietkni  ohitGli  oonnpneed  o| 

iraadnmi.  ^^liS^irt 

Cone  CMdi.— A  dutch  oonaBtiiig  of  oonioel  pkiii^ 

A  hollow  drum  ahaped  to  zeoeive  the  pk^HiiJl 
ndkn  CMdi.— A  device  for  oonveyiiig  motion 

by  the  fricUonal  redstanoe  betweea  pietee  ia 
Jaw  Chitch. — ^A  clutch  compoeed  of  two  hubJSDe 
each  other.    One  hub  is  arranged  to  elide  on  Hi 
80  that  it  can  be  thrown  in  or  out  of  gear.  ,  4>(u^ 

PnUey  Chitcli.— An  automatic  device  in  the  fona  01.% 
a  hoisting  pulley  to  a  beam.  ,uU 

dutch  Coupling.— See  ''  Coupling."  ^i^m-* 

Coarse  Sand.— See  "Sand." 
Cobbieetone. — ^A  stone  used  in  pavements,  usua% 
Cock. — ^A  faucet  or  turn  valve  consisting  of  a  tapering 
through  it  for  the  passage  of  fluids.    This  phig  file; 
a  corresponding  taper,  so  that  in  one  positioii  the 
another  position  it  is  opened. 
Pet  Cock. — ^A  small  cock  used  for  draining  pqaes,  ete. 
Plug  Cock. — ^A  cock  or  a  faucet  which  has  a  tapeped 
fitting  into  a  prepared  seat  in  a  pipe. 
Cocked-hat. — ^A  coping  projecting  from  the  shaft  of  a 
water,  used  for  enlarging  the  lower  portion  of  the 
creasing  the  stability  and  reducing  the  foundation 
Coefficient. — A  constant  factor  in  an  algebraic  expreeskMMtl  ' 
Differential  Coefficient. — The  measure  of  the  rate  of 

to  its  variable.    A  term  used  in  the  calculus. 
Empirical  Coefficient. — ^A  coefficient  established  by 
than  by  scientific  deducUon  from  fundamental 
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^jftTiliiMiiil    niiii**] 

of  TmUmu— See  "Tonioii."  -  ( 

.-—A  tamponuy  eodiMiiig  Btiniotiiie»  praetlea%  wttlertii^  fiKni  Hiikir  Ae 
'    water  k  pumped,  and  within  wfaieh  maeoDiy  or  concrete  is  placed  in  tiie  open 
)sSa.  -..*-''^...• 

^WkfnUkb  CalterdaaL— A  eotfcrdain  constructed  of  tioolMri  hmgedat  one  coiMr  and 
Jdned  on  the  diagonal  comer  in  such  a  way  thai  it  can  be  opened^  after  tin  piw 


is  built,  and  UMyved  away  to  amitfaer  pier  rite. 

. — A  tooth,  catch,  or  projection  on  the  prnj^Aisay  of  a  wheeL 

r— The  force  that  holds  together  the  individual  partides  ol  a  bo^sr. 
llbWiMt,  Belon.— See  '<Beton-<3oignet.' 
iMlClaliL--«ee  ''CSiain." 
f^CMI  Mc^  Clirtcli.-«ee  ''Chitch.'' 
PCsU  Gyacl^^See  "GhiseL" 
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or  CoM  Cotter.— A  cold  chisd  mounted  on  a  handle  Hke  a  hamnMr^   It  ll 
used  with  the  application  of  a  maoL  '^' 

^ — The  act  or  practice  of  hammering  metal  when  cold. 
-IVeBsed  when  cold.   Applied  generally  to  iron  or  sted. 
See  "Fvper." 
.—•Rolled  when  odd.   Applied  generally  to  iron  or  sted. 
SMIfaig.— See  "Shafting."  -      ' 

omWm    ooo    oaw. 

•—The  condition  of  brittlenees  in  steel  when  it  is  cdd;  caused  by  eoobessive 
pnoephorus. 
Cal  rtiert  liWL-^ee  "Ijxm." 

ilMTt  StoeL-«ee ''Sted." 
pB|iant^-49ee''Shut." 

(|Mi  ilialglitonhig.— The  process  of  straightening  metal  when  cdd. 

e  "Bucket." 
-A  flat  ring  surrounding  anything  dosdy. 
Oallarir---A  collar  on  A  shaft  set  to  resist  end  thrust. 
"Beam." 

as  "Collision  Strut."   See  "Strut." 
"Stmt." 
goniBrio  tam  referring  indurivdy  to  all  of  the  colorB  of  the  spectrum,  white 
0A  blade,  and  all  tints,  shiuies,  and  hues  which  may  be  produced  by  their  ad- 


pfflar  or  strut.   A  long  member  which  resists  compression. 

i^-A.  wide  "H"  oolunm  rolled  in  a  fournroU  mill  by  the  Bethlehem 
MiilCdlfaiMny,  similar  to  that  of  the  "Bethlehem  Beam,"  q.p. 

cdunm  made  in  the  shape  of  a  box,  having  rides  of  sted  plates 


column  made  up  of  two  channd-irons  laced  or  stajred. 
.ifMfciaia     k  oolimm  that  is  boxed  in,  shutting  out  water  and  ao^  gettmQy 
Inlflriar  hiaecesrible  for  painting. 
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fi^-^''  -'  Tli  iiai tyiittn     ft  odloBiilfiii 

v'BHUUI»'*""*a  OOllittBII 

.  nwtod  .toceliiv* 
riihii^fi  fkictvttir-flee  ''Eraetore.'' 

Bent— See  ''Bent'' 

Crane.— See  ''Orane.*' 
Cetanttofeol.— Tlie  beee  of  m  wAaauu 
Getam  Feeling.— See  "Footing." 
CettMnallen  Brtdgo.-6ee  ''Bridfe.'* 
CettMnallen  I>ollj.-6ee ''EMly." 

flliearins.  j^x'' 
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Gembinalion  Wraidu— See  "Wrendi.'' 

Combined  Brtdge.-^9ee  "Bridge." 

Combined  Streee.— See  "StreeB." 

Commercial  Horsepower. — See  "Haraepowcg." 

Cbmmon  Iron. — See  "Iron."  • 

Common  Lime. — See  "Lime." 

Common  Logaritlim. — See  "Logarithm." 

Common  Reamer. — See  "Reamer." 

Compass. — ^An  instrument  used  to  indicate  tlier 

tion  of  an  object  with  reference  to  that  meriilMn. 

circles.  ^  *  J^ 

Beam  Compass. — ^A  bar  having  two  slides  mounted 

point  or  centre,  and  the  other  the  marking'iMQiBft 

circles. 
Compensator. — An  equalizing  device  on  macliines  or 
Component. — ^A  constituent  part.    One  of  the  parte  Iiii4 

be  resolved  or  divided.  ^SfSr 

Horizontal  Component. — ^A  component  of  an  oblique 
Longitudhial  Component. — A  component  in  a  diieotei 

trusses. 
Transverse  Component. — ^A  component  in  a 

for  a  component  perpendicular  to  the  planes  of  tiM 
Compound  Curve,— See  "Ciurve. 
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ol  being  oon^iraBnd;  flhorteiiii^  ,  v.  :,'i  *ij^,„^^.,    ^^^ 

"Joint."  '■>>:T.^^0^sgf^-C^ 


-*An  i^ipcvnluB  for  ce^aapyjwiig 
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-A  madbine  by  which  air  k  oompramed  into  a  x«Mivi«rF«NMluilr> 
i^Bpniwwinanfty  be  utiMaed.—  a  iomoe  of  power.  .\HA4«detoi<ir> 

»;  the  figmiiii  of  bridgeworic.  .      ^..t;  .  *'>;->.i1H        vI^ 

"Bride"  .       -       ,  r  r/:;?«r>  '  .  •    '  .^-  •> 

"Curvature."  ,•  ...:..*    '^cib^^'.;  ■;w| 

14MMI  Bveea^^^Hoee   BtraM*  ...  .«  .n 

•-—A  Bvstem  of  i^MMittw  in  ffhkdb  Beraal  hiade  are  oofleoted  attl  aaaliad 
,^,  MapoiiitoroiveraYcryflBiaUarea.  .      ^*)r>^Y) 

Alia  CaaceatmHoa,— The  load  horn  one  aade  of  a  locoawtiyeorir^iifak.i)efiip<^^ 

oa  a  etrueture,  or  twice  a  wheel  load.  .<  :  c^  >  ^iVft^x  /  il^ 

Daalile  Goneentratioii.— A  tarm  dcBcriptive  of  the  method  of  fi^ffi^idBBig  ,9f^^  j 

bridges  for  a  live  load,  oonsiBting  of  a  string  of  can  of  umform  wc^^per  ttuml  >     ^  f 
foot  headed  by  an  exoefls  load  equal  to  the  differenoe  between  tfie  jlniiill  Wiillii  J 


of  an  engine  and  tender  and  the  product  ci  the  length  of  the  two  by  Hifinflijll 
per  lineal  foot  oi  the  cars,  and  followed  by  another  siinilar  and  equal  e^anailoi^v 
two  panel  lengths  (about  fifty  feet)  back  of  the  head  of  the  tn^  TUbtfjp^^l) 
live  load  is  no  longer  used,  as  it  has  been  replaced  by  the  "TrrriiTilfytt,  iBBpiiiir  i 

Kveload."  ::i'.n?«rO 
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Ceneaatratleair— The  load  transferred  from  one  fine,  of  striapia  ^.A) 
floor4>eam. 

Coaeeatratioa^— Similar  to  Double  Ckmcentration  (g,9.)  except  thnt  tho  nQPffiiji 


load  is  omitted.   It,  too,  is  no  longer  used.  -.: m-v,) 

WImoI  CoaeeatratkHiL— The  amount  of  load  caxried  and  delivefed  by  one  wheek :  ^^ r^  -^ 

Fractare.—43ee  "Fracture."  tv,m.a^^ 

artificial  stone  made  by  mixing  some  cementing  material  witl|:,Mi 

agigrogate  oonipoeed  of  hard,  inert  particles  of  varying  siae.   Usually  the  oaaoMliiw  ' 

material  is  Fbrtland  cement,  and  the  hard,  inert  partides  are  sand  and  biolspi  j 

atoae^  water  bring  added  to  make  the  cement  active. 

Coaciele.— A  concrete  composed  of  bitumen,  sand,  and  broken  stop^  .  . 
fltaaa  Concreta.— A  concrete  composed  of  oemept,  sand,  broken  stone^  and  ' 

»•  •  ■     ,  .  ' 

Csacretew — ^A  ccmcrete  composed  of  cement,  sand,  cinders,  and  water* 

GeacTitaw— <}oncrete  in  which  large  stones  or  boulders,  sometimee  called  . 
ftaBMi  have  been  bedded. 

Ble.1 — ^A  concrete  composed  of  cement,  sand,  gravel,  and  water. 
;0iatffais^---<3encrete  that  is  fresh  or  has  not  yet  gained  its  full  strengthr        «. 
CoMMe^ — A  concrete  made  with  lead  riag  in  place  of  the  usual  broken 


Gaacfete^— Concrete  in  whjch  Portland  cement  is  used  mth  Wifeer 
jUilHiHlinilt  iiiiihiiiiil 

Csttwals.    Concrete  in  which  steel  bars  are  inserted  to  strengthoa  it» 
by  lesisting  the  tensile  stresses  induced  by  external  fences. 
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i0iMM(Nili(#"^Tlie  act  d  w*fcgfeftg  «iid'fiiiii#^' 

•Aa  a|ipnritiii  lor  ndaflUgfiiMiMi^ 
■AmMTiT— *A  fontt  of 

r,  or  Jot  CottiowMr#  or 
in  iHiieb  the  iaieetod  wfttor  oomeo  in  mmitiift  ffWIi 
mmm  OiBiiMBrir-A  ocmdoDiMr  ooed  faritiwii.^'^.-^^-l; 
roaioM.    An  imdoiyomid,  nanoir 
A  p%M^  tubo^  or  ttBdefgRNBid 

''Punogr.** 
"RoOor.'' 

Oaoieti  Wliaoi,    Seo  "Wh&A/' 

OMdagirte  Stroooao,    See  ^'BtMa/* 

Gouweliiic  Anile*— -8ee  "Anide/' 

CemwetiBi  Bar.--8ee  <'Bor." 

Cenneclini  Choffd-heede,    Chord4wade  need  tooonneoif 
toinns. 

CemwrtiBi  Pfaile.--8ee  "Plate/' 

Gouwelfaii  Rod.-^3ee  ''Rod." 

Conaerfation  of  Energsr«--8ee  "Eneigjr.'' 

Conaolidatkm  LoeomotiTe. — See  "Looomotite.'' 

Conatnictfon  Bolt-43ee  "  Bolt." 

CoDtiBnoas  Beanu-rSee  "Beam." 

ContfanMNia  Girder.— See  "Girder.'' 

CoBtbnMNis  Span.—- See  "Span." 

Conlinnoaa  Stringers. — See  "StringefB." 

CoDtinmNia  Tnua.— See  "Truas." 

Contonr  Line.— See  "line." 

Contonr  Map.— Same  as  "Topographic  Map."    8eo''Ma|^^ 

Contract — ^An  agreement  between  two  or  more  partiea  4oifi 
definite  thing.  '^' 

Sub-Contract — ^A  contract  which  has  been  sublet.  **^ 

Contraction. — ^The  act  of  drawing  together  or  shrinking. 

or  volume  of  anything.  *^'^. 

Coefficient  of  Contraction. — ^The  ratio  between  the 
section,  or   volume  and  the  original  length,  area  oi 
temperature  change,  it  is  the  same  as  the  " 
hsrdraulics,  it  is  the  ratio  between  the  area  of  the 
issuing  from  an  orifice  and  the  area  of  the  odfioow       *< 
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wlio  coQinbols  oir  oovnoMits  cithflir  widi  tho  (OVMUMiii  4)i^  4|tip|P 

cr to pgfomi tiy^wcrii or wanfm al a €efUfai priee ormte.  .    « 

Goaonl  CoBtwdorr—A  prindpol  oootfsetor  who  mbletB  the  idiole  or  poii  of  tbo 

whole  oQotnot 
Snh  C«itrecter»-^Oiie  who  tekw  a  pert  or  the  wfaote  of  a  ootttwiet  from^iepriaeipel 

W--A  ivvwBal  of  bending  In  a  eohmin  or  foeem* 
JiSiHffened  iPHL-'-^be  "Iroii." 
iCtomted  Sted.-«ee  ''SteeL" 

E^GsBferter.— Seme  as  ''Beanmer  Fitmaee."   See  "Furaaoe.'' 

"Curvature." 
r.— An  aiHueratUB  or  machine  which  camee  material  ftom  one  point  to  anotlHr. 
P^9er.--8ee  "Pi4)er."  - 

•—A  system  of  linee  or  ang^  or  both,  by  means  of  which  the  posiUBtt' 
of  a  point  is  determined  Iby  refenring  to  certain  fixed  lines  or  points^ 
OritfB  of  GoQftfMlea.— The  Initial  pcmit  in  a  system  of  eoonfinates  to  whk^  oter* 
points  are  xeferred.  Li  the  rectangular  system,  it  Is  the  inteneotioii  of  the  two 
axes;  in  the  polar  system  it  Is  the  point  In  the  directrix  about  which  the  lidtel' 
'vector  turns. 

Goof^inirtea.—- A  system  of  coordinates  in  which  the  position  of  aogr  fnini' 
is  defined  by  an  angle  and  a  distance  from  a  fixed  line  and  point. 
eel— flaf  Goef^inirtea.— A  system  of  ooonfinates  In  wliich  the  position  of  wmf 
point  is  defined  by  its  distances  from  two  lines,  called  axes,  making  ri|^  an|^ 
with  each  other;  or  from  three  mutually  perpendicular  i^anes. 
wiri  psiwr  CeertftMtea. — ^A  system  of  coordinates  In  wliich  the  radius  vector  of  the 
polar  system  Is  combined  with  one  dt  the  coordinates  dt  the  rectangular  jystem. 

?o  dress.   To  put  a  coping  on  a  iner.   To  notch  sted  beams,  ftKM>«*J«,  etc. 
ChiwI.    Samci  as  "C^ie  Chisel."    See  "Chisel." 
i^n^pfcig     The  top  or  cover  of  a  wall,  column,  or  pier.    Usually  made  so  as  to  pvdiest 
beyond  the  face  bebw. 

Cefii«.— {tome  as  "CodLcd-hat,"  9.V. 

• — A  machine  for  notching  structural  shapes. 
"St<me." 
TiT— A  reddish  ductile  metal  having  a  q>ecific  gravity  of  8.8  and  ahi|^  cooduethHgr ' 
:  lor  heat  and  dectridty. 
'^S&MLr^A.  small  shdf  cantilevered  out  from  a  beam,  wall,  or  column  in  order  to  support 
abeam  or  a  superincumbent  lead.   Sometimes  called  a  tassd  or  braggar. 

"Bolster." 
"Course." 
make  or  to  cast  a  core.    The  inner  part  or  filling  dl  a  walL    The  internal 
>i2:«flloqii  la  a  easting. 

<'Boring." 
"IWL" 

"Bradket." 
peojection  at  the  tq;>  ci  a  wall  that  Is  finished  by  a  blocking  oonase. 
diirintegrataon  of  a  substance  by  the  action  of  chemical  agents. . 
or  drawn  into  parallel  furrows  or  ridges.   Wrinkled;  fluted. 
iXv^-fiee  "Bar." 

"Dc^." 
f'lion." 
*^Me.'* 
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Somelimet  used  as  &  qnoanym  Iqr  coiiiitwiiwilgfciiii 

vMHIifMn^*— iHe  MHJfUlg  €I  a  OJfJUMMBII 

dkmeter thantlie origiDaL  .\  »^i>&ijilk ie 

GmMbraee.-— A  web  diaeonal  iMA  twmiwnii» 
(ia  relfttioii  to  qiaa4eiiglli)  to  UmI  CHtied'lQl 
€0ater«Nl--A  ehoit  caK)»-WBU  boOl  bel^ 
by  aotiDg  as  on  ondior  to  hold  baok  tbe 
.  of  ft  buttren.  .  '^  iii#  t$  „  ^ 

Ctmtotpoiie.    Same  as  "Goim(»balaiioe,''  fdP^     i'  *  -fiiv^)^  Ji( 
Comiler  &niear.--8ee ''Shear."  :j:tdK; 

OwwrtiOThifc,— A  drill  or  brooe-bit  for  ooaxdmdola^^^ 
a  oonical  cavity  in  timber,  metal,  or  other  maleril^ 
of  a  bolt,  rivet;  or  screw,  so  that  the  eod  tihimaf 
of  the  said  material. 
CooBtenrink  DrilL-^ee  "  Drill" 
Gomitenriiildng  Beamer.— See  "Reamer/ 
Counter  Stress.— 6ee  "Stress." 
Connter  Stmt— See  "Strut." 
Coantersunk  Bolt.— See  "Bolt." 
Coantersunk  Rivet.— See  "Rivet." 
Coonterweight. — ^A  weight  that  counterbahmoes 

against.    Similar  to  "Counterbalance,"  qjo. 
Couple. — ^Two  equal  and  parallel  forces  acting  inq^MMK^ 
Moment  of  a  Couple. — ^The  tendency  of  a  couple  to 
the  product  of  one  of  the  two  equa^  forces  by  the 
them.  i^ 

Stress  Couple. — ^A  pair  of  equal  and  opposite 
Coupling.— The  act  of  uniting  and  joining.    The  part  tltt^ 
Chain  Coupling. — ^A  hook  connected  to  the  end  of  a 

it  with  another  chain  or  object. 
Claw  Coupling. — A  coupling  in  which  the  daws  of  oaie 
other  part  with  a  little  amount  of  play;  so  thai 
the  coupling  will  accommodate  itself  to  the  obliquity 


^  WtJmtB'CmtifHg  — A-wwpifag  made  iqi  of  two  p«r^  eM^  ftmify  sfeteeted:^ 
'    of  teatafl»boiMto9BllMrtofQfmftiMnii^^  •> 

fthMiw  Cmifiag^r-An  iK|)aitable  oomiee&m  ocwiriiiting  of  m '0cmB  hiijf00: 

' '  tfding  oat fciorthwr <ip ^tho ether ilurffe  oan  ba  pmiadL  .  .  ^     .  r  >f  ^ri^f  ;,.^v -^ 

Jmr  Coi^Mid    flame  aa  a  "Cksw  Couptfng,"  tf.».  .  rl*  .j^V^,^; 

Mat  Ceaplai.— A  fonn  of  umvmal  jdnt  In  wiitek  the  B&eAm$wm  m^j^Wt^"  '^. 

toeked toselhar.  -     •  .-^  ^"  <  •^i*i:l3piJ"^^f 

fl^GeaiSaiir^A  iiiieaded  deeve  into  ivUdi  an  aorowed  the  flDiii  cf  tto|iMK^  ^  .^ 

of  pqpe  to  be  ooi]|>led.   .  '  '*;  ''•S.iii'^: 

BiMM  Coivlbv^A  abaft  ooupifag  oonaiatiiis  of  a  i«tdiaM4eet  oa  Oil#^l|yW 
tamiBt  a  aimilar  oDiB  on  the  other  diaft.  ;.ik^«> 

GoaffeiSf^Atty  of  the  aereral  devioes  for  joinitiK  the  enda  of  two  abaflafr  ';v^ 

»— A  permanent  oonneotion  in  wfaieh  tiie  eoupling  eonalaia  of  «#!#& 


hani  of  metal  eatwidnig  over  both  enda  of  the  ahaHa  to  be  jokoBA* 
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Caiiilin^— A  form  of  ooupling  baX|  oonaiating  of  two  kmgitii^inl  haNiii^ 
."tliaviilg  a  flfiMawd  hole  to  fit  the  aqoared  enda  of  tl^ 


IiUl— A  link  oonneoting  two  objeeta. 
Fbu-fitee  "Pin." 
jWMBj^AMxpliDg  having  one  end  Ihreaded  to  xeeeive  a  metal  pip&wuf^ 
W- ^r^ifiw  ^^  a  diank  to 

horiaontal  layer  of  stone  in  a  maaonxy  wall,  or  of  a  pavement.  •^*' 

Canfaar-lliat  portion  of  a  pavement  oonneeUng  the  wearing  ailrfBee  lo'til^ 


Cavaatf-— A  oouzae  of  brick  or  atone  projeeting  from  the  face  of  a  waB  aatf 
jfeniadng  a  aiqiport  f or  an  eeoentrioaUy  applied  to 

GMme.--^'nie  bottom  eouree  of  maaonry  at  the  baae  of  a  foondation. 
CoHae.— A  courae  in  ^diich  ^le  thickneaaea  of  the  atonea  vaiy  al 
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Ga«Ber--Same  aa ''Lregular  Courae/' 9.V. 

eonrae  in  which  the  thiokneBB  of  atones  ia  uniform  thr^u^hoitl; 
A  comae  of  maaonry  parallel  to  the  face  of  the  arch. 
GMme. — ^A  oourae  in  which  rough  stones  are  leveled  off  at  speoifio  heiji^hiiiB. 
approadmatei^  horiaontal  surface. 

course  of  masonry  consisting  entirely  of  stretchers. 
WrtliltJisniaay    A  narrow  ornamental  course  carried  around  a  structure. 

"RnbWe." 
"Joint." 
"Plato." 
^iacttdiaft  or  ade,  mounted  in  a  frame,  having  s(|uared  ends  to  receive  hand 

laMi  to  wind  up  a  rope  and  thereby  raise  a  load. 
^OUm^^k  holating  apparatua  fastened  to  a  wall. 

hoiating  apparatus  at  the  foot  of  a  derrick.    A  q>ecial  emb  for  a 

crab  uaed  for  hoisting. 

End  CMi.— A  crab  having  ^le  ends  of  the  ahaft  aqoared  to 
or  handlea.  -  .  .      x 
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ifs  tool'  0CMMMiiii|if  Jhi' 

QB9  CDU'  "lOSO  WOiOB  flvO  SflvVS'  v-  «R|BhD9K' 
||0  VMM  itOIIQ  Wltll  ft  CnUUttU*  .  t><v.-f 

hoiitiiig  w>«^WM[Mfc  ittonnied  iolteil^  ft; 

lad  ffawisbsr  |»lMe  tlie  k»d  at  any  poiiil  ifjUUh^ 
■iIhm^  CraMi^--A  enttw  hftYlag  tiio 
Cliiill^iiif  Gnne^— A  eniw  in  idiioii  tlie 

min  of  material  nu^  as  jtooa  Mftfliw  or 

lolated,  tlie  nar  end  bemg  aoppottid  bgr  % 
Ciiiina  Craaar— A  eniw  tniilt  in  the  ten  ^i^ 

haaf  at  tbe  top.   Also  ealled  a ''Tomr 
ItaiiA  CraM^— A  crane  in  wiiioli  tlie  poi*  ia 

tlie  jib  bdng  pivoted  like  the  boom  of  &  deRiek. 
Bleiiih  Chne.— A  crane  operated  by  ehMslriflitgr, 
Qantiy  Chne.— A  crane  set  upon  &  iaotiryy  fjr. 

of  ft  hydraulic  press. 
Ab  Chne.— A  crane  having  ft  swingmg  boom. 
Leconotfva  Ckaae*— -A  kxxnnotiTey  or  steam  eniiiia^ 

Used  in  yard  work. 
Overibead  Baianced  Crane.— A  oombinataoii  of  an 
Overhead  Crane. — ^A  crane  which  travels  on 
Bolary  Crane. — A.  crane  having  a  jib  swinging  in  n 
Steam  Crane. — ^A  crane  operated  by  steam  power. 
Swinging  Crane. — ^Any  crane  which  has  a  boom  thai 
Tower  C^ane. — Same  as  "Column  Crane,"  qj». 
Tram  Crane  or  Traveling  Crane.— A  crane  mounted  oia 

moved  from  place  to  place.  iti 

Walking  Crane. — Same  as  "Locomotive  Crane.'' 
Water  Crane. — ^A  crane  operated  by  meaDs  of  hydraolia 
Crane  Girder.— See  "Girder."  .  k 

Crank. — ^A  device  or  mechanism  for  producing  rotation 
18  a  bar  or  disk  set  at  right  angles  to  the  shaft  and 
from  the  axis  of  rotation,  to  which  the  force  is  api^Bed*  \ 
A  twist  or  a  turn. 
BeU  Crank. — A  bent  or  rectangular  crank  lever  by 
is  changed  ninety  degrees,  and  by  which  the 
altered  at  pleasure  through  making  the  arms  of 
Disk  Crank. — ^A  disk  carrying  a  crank-pin  and 
Crank  Anger. — See  "Auger." 
Crank  Pin.— See  "Pm." 

Crank  Shaft-See  "Shaft."  ;>.Kr. 

Creeper  Travder.— See  "  Traveler." 
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€%  prihofc  obtiined  froni  distilled  ooat-^MT  -ft**  *^  T^^Jm  i(ll&l0ltt 
-TimlMr  that  has  been  iliocoui^  eiitaAtad  w|lfc\eiiOipli  tSkM 


'Tb»  top  of  en  wnbenknifffci.  Also  the  highest  water  in  a  flood. 
-An  inner  lining  of  a  abaft  or  wdl,  oonsiBting  of  a  fhune  or  box  of  tiaiitani.iid 
abaddngof  planloiyta  keep  the  earth  from  ^ving  in.  To  build  np  ft^aiqpQiibgr 
placing  heavy  timbera  in  layen,  the  eticka  of  the  oooaeoutive  layevs  fmalfar 
4  jBimning  in  diieetkna  at  right  anislee  to  each  other.  That  portion  of  the  Imim  ^ 
a.  pier  lying  between  the  top  of  the  deck  above  the  wovking  diainber 
woik  of  the  diaf t.  •:?vV^ 

lahet  CUb.— A  form  far  pier  foundationa  in  the  du^  of  a  baaket..  TUi  Igppa  wpii 
i»ed  on  the  Chdaea  Bridge  at  Boston. 

CUb.— A  crib  qpen  at  the  top  and  bottom. 

-Ttmbem  piled  eRM»*wiee  in  order  to  f onn  a  support  for  a  load*  ^ 

br— To  offset  an  angle  by  bending  so  that  it  will  fit  over  the  flange  of  nrrilrrT 

an^  thus  doing  away  with  filler  plates  beneath.  .  .  .^    ^ 

machine  which  crimps  angles.   Used  in  bridge  shops.  y 

-To  disable  or  to  weaken.   Also  to  give  or  to  give  way. 
Lead.— See  "Load.'' 
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.—That  speed  of  a  train  on  a  bridge  wiiksh  produces  the  **^f"""fc 
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''Beam." 

"Bond."  ,, 

Bnwli^.— See  "Braciog." 

"Saw." 
nbcred  Wood.-See  "Wood." 
"Frame." 
"Ghder." 
i—Qi  irregular  or  gnaried  condition.   Applies  to  timber. 

I  "Wood." 
•Two  very  fine  hairs  or  strands  of  quder's  web  stretched  at  rii^t  ani^ 
to  each  other  across  the  focal  plane  in  a  transit  or  level 

"Hatch." 
A  machine  dement  having  the  shape  of  a  "T"  or  a  cross,  and  nBumig 
on  guides  in  order  to  control  and  steady  the  motion  of  another  member..  Often 
used  on  piston  rods. 

|r    '  piAsNi  a  river  or  stream  may  be  crossed.    The  term  is  often  used  for  the  bridge 
^^g^PPWII  the  sU^ 

Cyppslsi^-A  crossing  where  both  roads  or  tracks  are  at  the  same  ekfvation. 
, — A  crossing  in  which  the  intersecting  centre  lines  make  an  oblique 
each  other. 
C^nsaslng^ — A  crossing  where  one  road  or  track  is  above  the  other, 
as  "Oblique  Crossing,"  q.v. 
r-A  crossing  in  which  the  intersecting  centre  lines  are  petpeodicular 


.—A  crossing  where  one  of  the  roads  or  tracks  is  below  the  otheib.. 
eonnaetion  between  two  paralld  tracks. 
"Biveting." 
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tilVpMiS''^A:  WMlllB#  'Inili  CmilMi  W 

Oniili^i^^^  lireflJdng  doim  of  amjftiwl^^ 
liiiJiM  if  Ormliim  —A  amribtr  fitiniiif 
" '  imo6  of  ft  Hiita^d* 

Slniik-fiee  ''Stniii.'' 

OqritelHMw---<}oiid»tiiig  of  o^sfBtok.    BdMsif  «ir: 
definite  stnioture  referable  to  one  al  the 

OTiteBiM  Flractwe.— 43ee  "  Fnoture." 

Cabilaie.'— The  eubie  meamire  or  oontente  of 

Cnbie  Carre.— 43ee  "Curve." 

CaD.— To  sort  out  or  eeleet  materiel  thai  lioee 

qiedfications.    Any  pkoe  that  hae  beoi  tUSSBML,'^^^ 

Cohrert. — ^A  small  covered  passage  (or  water  undor  ft' 
Areh  Calvert — ^A  culvert  having  an  aroh  roeC; 
Boi  Culvert.— A  square  or  rectanguhor  diaped 
Dive  Calvert. — ^An  inverted  siphon. 

Camahitive  Slre8fl.—6ee  "Stress." 

ComuUtive  Vibration.— See  "VibTation." 

Cup  and  BaD  Joint.— See  "Joint." 

Cup  DoUy.— See  "  DoUy." 

Cup  Fracture.— See  "Fracture." 

Cup  Washer.— See  "  Washer." 

Curb. — A  broadi  flat,  circular  ring  of  wood,  iron,  or 
of  a  circular  wall,  as  in  a  shaft  or  weQ,  to 
outer  casing  of  a  turbine  wheel.    The  edge  of  i' 
roadway.     The  wheel-guard  in  a  bridge.   To 
curb. 

Curb  Chahi.— See  "Chain." 

Curb  Girder.— See  "Girder."  t" 

Curb  Stone.— See  " Stone."  ^5 

Curled  Wood.— See  "Wood." 

Current. — The  flow  of  a  liquid  or  gas,  or  the  movemea| 
Air  Current. — ^The  moving  of  air  through  epace  or 
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Cwataro.— -llie  directioD  of  eunrstoe  m  imi  firom  ft  pob^  i^  iJM  jpht^ 
joining  tlie  extmnitiflB  of  the  ai«.   Ot>po0ed  to  Ckmvex  CuFimtiim. 
CwifOK  Cw»ftiiiw»>*^TIie  directkm  of  cunrftture  as  mm  ham  ft  point  m%\ 

iotheoiinre.   OpfMoed  to  CksMAve  CHirvotuie. 
Ikgreo  of  Comlare^— The  angle  in  degrees  subtended  by  m  ohoid  one  hundre|l^|aii 
loog.   VmA  in  niboad  loostion. 

of  Cwvatwe. — ^Tlke  radius  of  the  drde  of  ourvatufe. 
-A  line  continuously  bent  so  that  no  porUon  of  it  is  stra^^.    A 
^'^  taMiingr  ^  fleanire  without  angles.    A  drafting  instrument  for  drairil^i  syimi 

Carre.— >A  curve  erii3>iting  the  lelaUon  between  the  presiure  viiyi^^OM^ 
of  ft  fluki  upon  the  assumption  that  there  is  no  transmiwaon  of  h^ 
'''     orcootraotion. 
AlMhraic  Oanr^ — ^A  curve  in  which  the  equations  in  Hnear  coordinates  contisili 

the  algefaraio  functions  of  the  coordinates. 
Oteuvy  Carve.— Same  as  a  "Catenary/'  q,v. 
CTianiftefistk  Carve.— A  curve  which  shows  the  lelation  existing  between'* 

featoies  or  properties  of  a  machine  or  substance.  <. .  .  h 

CSsHpsMd  Cnrve^ — ^A  continuous  curve  composed  of  two  or  more  arcs  having  diteraiil 

radiL  • 
CMUe  Cwe^-^A  curve  of  the  third  degree. 
GpiiMal  Carve. — ^A  curve  ending  in  or  shi^ied  like  a  cusp,  q,v, 
C^ydeUal  Carve.— Same  as  "Cycloid/'  qjf. 
BheeiBeBt  Carve. — ^A  curve  of  gradually  changing  radius  for  passing  from  a  tangeail 
iy      to  a  etreular  curve.     Used  in  railroading  to  ease  the  train  shock  that  comes  ton 
p       the  changing  of  the  direction  of  motion. 

^V   Whliwj  Carve.— A  curve  showing  the  relation  of  output  to  input,  or  the  effieieni^ 
of  a  machine,  apparatus,  method,  etc. 

Carve. — The  curve  formed  by  the  neutral  aads  of  a  beam,  as  it  defleotf 
mider  the  acticm  of  its  own  weight,  and  of  the  loads  upon  it. 
Carvob— Same  as  "EDipse,"  g.^. 

Carve.— Same  as  VEpicydoid,"  q,v. 
irve.— Same  as  "Evolute,"  q,v.  ^ 

Ciwe.— Same  as  "Sine  Curve,'^  q,v. 
Carve. — Same  as  "Hyperbola,"  q,v. 
Catenary  Carve. — ^A  curve  formed  by  revolving  the  ordinary  catenary 
hooffand  and  eighty  degrees  around  its  major  axis. 

Carvob— Same  as  "Involute." 
ir  Cisrve. — ^A  draftsman's  tool  for  drawing  curved  lines  of  varying  radii. 
Cnrvai^ — Same  as  "Lemniscate,"  q,v, 

—A  curve  in  which  the  ordinate  are  logarithms  of  the 
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spiral  Carre.^A  q>iral  curve  in  which  the  radius  vector 
the  ^">g^*^ 
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IToHled  Canre.— A  curve  in  a  vertieal  pitaa^ 
*  grade  tangents  of  a  roadwi^  or  railroad. 
Curved  GMer.-See  "Girder." 
Carved  LlBe.-43ee  "line." 
Cwed  Top  Chord.— See  "  Chord." 
CmUmC  Pile.-See  "PQe." 
Caddoo.— A  confined  body  of  air  <xr  steam  iHii^p;^ 

to  absorb  impact. 
Air  Cushion. — ^A  buffer  using  air  to  absorb  ImiMOl 

to  bring  it  to  rest. 
Coshkm-coal. — ^A  layer  of  material  used  in  pavemeirta^ 

placed  between  the  wearing  surface  and  the 
Cusp.— -A  point  in  a  curve  where  two  farandip  havb#! 

section  of  two  curves.  ;  ^^  ,.,^ 

Cuspidal  Curve.— See  "Curve."  \^ 

Cut  Gear.— See  "Gear."  ^^^ 

Cut  Nafl.— See  " NaU."  ... ,  .^ 

Cut-off. — ^A  device  for  cutting  off  the  passage  of  f^mB0 

the  cylinder  of  an  engine.     A  channel  out  thfOQ^ 

straighten  a  river.    That  point  where  piles  or  tindwis 

in  place. 
Cut-off  End. — ^That  part  of  a  pile  that  has  been  sawed 

in  place. 
Cut  Spike.— See  "Spike." 
Cut  Stone.— See  "Stone." 
Cut  Stone  Masonry. — See  "Masonry." 
Cutter. — ^A   steel   tool   for  cutting  metals.     Also   the 

machine. 
Bar  Cutter. — A  shearing  machine  which  cuts  metallic 
Cold  Cutter.— Same  as  "Cold-cut,"  q.v. 
Glass  Cutter. — ^A  hand  tool  having  a  diamond  edge 

for  cutting  glass. 


GLOSSARY  OF  TERMS  1945 


Hot  Cutter. — ^A  tool  for  cutting  metal  which  has  been  softened  by  heating. 
Pinhole  Cutter. — ^An  apparatus  for  cutting  pinholes  in  the  chords  or  web  members 

of  a  truss. 
Pipe  Cutter. — ^A  plumber's  tool  consisting  of  two  beveled  edged  steel  cutting  wheels 
moimted  in  an  adjustable  jaw  that  partly  encircles  the  pipe.    A  rotation  of  the 
tool  by  a  suitable  handle  and  the  closing  up  of  the  jaws  severs  the  pipe. 
Pneumatic  Cotter. — A  cutter  operated  by  compressed  air. 
Rivet  Cutter. — A  hand  tool,  similar  to  a  cold-cut  but  with  edge  sharpened  on  a  more 

obtuse  angle,  used  for  cutting  off  the  heads  of  driven  rivets. 
Stone  Cutter. — A  workman  skilled  in  the  art  of  cutting  and  dressing  stone. 
Thread  Cotter. — ^A  tool,  consisting  of  a  stock  and  set  of  dies,  used  for  cutting  threads 
on  rods  and  pipes. 
Cutting  Edge. — ^The  edge  of  the  tool  which  does  the  cutting.    The  edge  of  timber  or 

steel  angles  placed  on  the  bottom  of  the  working  chamber  of  a  caisson. 
Catting  Tool.— See  "Tool.** 
Cutwater. — ^A  starling;  the  projecting  ends  of  a  bridge  pier,  etc.    Usually  so  shaped 

as  to  allow  water,  ice,  drift,  etc.  to  strike  without  injury  to  the  structure. 
Cycle. — ^A  complete  revolution.    Any  reciuring  period  in  which  a  series  of  events  or 
phenomena  takes  place.    A  series  that  repeats  itself.    A  series  of  operations  by 
which  any  product  is  finally  restored  to  a  primary  condition. 
Cycloid. — ^A  curve  generated  by  a  point  on  the  circumference  of  a  circle  when  the 

circle  is  rolled  along  a  straight  line  and  kept  always  in  the  same  plane. 
Cyclopean  Concrete. — See  "Concrete." 

Cylinder. — A  solid  of  revolution  generated  by  a  rectangle  rotating  about  one  of  its  sides. 
A  machine  element  having  a  circular  bore. 
Air  CyUnder. — A  nearly  air-tight  hollow  cylinder  having  a  piston  moving  in  it. 
Steam  Cylinder. — ^The  chamber  of  a  steam  engine  in  which  the  force  of  steam  is 

exerted  on  a  piston. 
Water  Cylinder. — The  cylinder  in  a  pump  by  means  of  which  and  the  moving  piston 
therein  water  is  forced  into  an  exterior  main. 
Cylinder  Pier.— See  "Pier." 


Damper. — ^A  door  or  valve  for  admitting  air  to  a  furnace 

Dangerous  Section. — See  "Section." 

Dap.— To  notch  a  timber  on  its  bearing. 

Dapped  Joint. — See  "Joint." 

Dash-pot. — ^A  cylinder  containing  a  loosely  fitted  piston  and  partly  filled  with  fluid, 

used  to  check  sudden  movements  in  the  parts  of  a  machine. 
Datum. — ^A  fact  either  indubitably  known  or  treated  as  such  for  the  purpose  of  a 
particular  discussion.    A  known  reference.    A  point,  line,  or  plane  used  as  a  basis 
for  referring  measurements. 
Datum  Line. — See  "Line." 
Datum  Plane.— See  "Plane." 
Day  Foreman. — See  "Foreman." 
Day  Superintendent. — See  "Superintendent." 
Deadening  Dressing. — See  "Dressing." 
Dead  Load.— See  "Load." 
Dead  Load  Stress.— See  "Stress." 

Dead-man. — ^A  timber,  log,  or  beam  buried  in  the  ground  for  anchorage. 
Dead  Melt.— See  "Melt." 

Dead-points. — ^The  two  points  in  the  revolution  of  a  crank  where  the  crank  arm  is 
parallel  with  the  rod  which  connects  it  with  the  moving  power. 
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Stalk  lliilliiclion     Biikiotiiwi  tfuo  to  i 
DcAiMltaB  indicitai*  of  DiAMltiiiili 

of  brfdge  QMiiB. 
DiftnMtfion.— €9iaii9B  ol  fotm.    A"  nhingn  rilf 
meidbera  without  aay  farMch  of  the 
Hitiir  DdbgiBattou--A  diaagB  of  Aap» 
of  the  material.    A  defomuktion  with 
Beridwal  Deformation.— Defprmation  left  in  a 

hare  heeii  renioved.    Same  as  Penbaaeal  A%  /  i 
Tmao  DeformatioB.— An  alteration  in  ther  teillg 
composing  i^  trues. 
Deformed  Bar.— 6ee  "Bar." 

Deaalty. — ^The  mass  or  amount  of  matter  per  unit  of 
D^artore. — ^A  term  used  in  survesring  tq  denote  ihfl 
of  two  assumed  rectangular  oooi 
south.  ^^^-^ 

Depreelatlon. — ^The  loss  of  value  in  a  plant  or  atruetqge 
measured  by  the  di£ference  between  its  first  oost 
of  the  allotted  time.  -(^ 

Depth. — ^The  downward  distance  from  the  surfaoe  or  i^^^ 
the  idea  of  verticality;  but  such  is  not  ahrays  Ite 
of  any  beam  that  is  inclined  to  the  horisontal  is 
to  its  length,  and,  therefore,  on  a  line  inclined  to  the 
Areh  Depth. — The  depth  of  the  arch  ring  at  any  point 
Economic  Depth. — ^That  depth  of  truss  or  girder, 
sidered,  will  give  results  that  are  satisfactory  hOBH 
the  least  expenditure  of  money  for  properly  combine 
nance,  and  repairs. 
Effective  Depth. — ^The  perpendicular  distance  betweeor 

or  girder. 
Trass  Depth. — The  vertical  distance  between  the  ceni 
chords. 
Derailing  Apparatus. — ^A  device  or  mechanism  used  fbr 
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I>erailta«  SwHch.— See  ''Switch. ' 

I>eiTick. — An  apparatus  for  lifting  and  moving  heavy  weights.    It  is  similar  to  the 
crane;  but  differs  from  it  in  having  the  boom,  which  corresponds  to  the  jib  of 
the  crane,  pivoted  at  the  lower  end  so  that  it  may  take  different  inclinations. 
BuD- Wheel  Derrick. — A  derrick  with  a  bull  wheel  attached  to  the  bottom  of  the 

mast  in  order  to  swing  the  derrick  by  ropes  running  to  the  hoisting  engine. 
Floating  DerriclK. — A  movable  derrick  erected  on  a  special  boat,  barge,  or  vessel. 
Gin  Pole  Derrick.— See  "Gin  Pole." 
Gin  Type  Derrick. — A  framework  with  four  stiff  legs,  used  in  borings,  or  for  lifting 

pipes  in  trenches. 
Guy  Derrick. — A  derrick  in  which  the  mast  is  guyed  with  cables  to  an  anchorage. 
Stiff  Leg  Derrick. — A  derrick  where  stiff  legs,  usually  of  timber,  take  the  place  of 
guy  lines  for  staying  the  mast.    These  stiff  legs  are  attached  to  horizontal  timbers 
which  in  turn  are  fastened  to  the  bottom  of  the  mast. 
Design. — ^To  proportion  all  the  parts  of  a  structure.    A  plan,  or  plans,  showing  the 

various  parts  of  a  structure,  their  sizes,  and  relations. 
Detail. — One  of  the  smaller  parts  into  which  any  construction  or  design  may  be  divided. 

To  go  into  particulars.    To  draw  the  particular  parts. 
I>etail  Drawing. — See  "Drawing." 

I>etailing. — ^The   actual  work  of  planning  and  drawing  the  different  parts  and  the 
connections  of  any  structure.     The  smaller  parts  of  any  construction,  speaking 
of  them  as  a  class. 
Detail  Paper.— See  "Paper." 

Deviation. — The  variation  or  deflection  from  a  straight  line  or  course. 
DiagonaL — A  member  running  obliquely  across  the  panel  of  a  truss.     Any  oblique  line. 
Lateral  Diagonal. — A  diagonal  member  in  a  lateral  system. 

Main  Diagonal. — A  web  diagonal  member  joining  the  top  and  bottom  chords  of  a 
truss,  and  taking  its  greatest  stress  when  not  less  than  one  half  of  the  span  is  covered 
by  the  live  load. 
Sub  Diagonal. — An  intermediate  web  diagonal  joining  a  chord  with  a  main  diap;onaI. 
Diagonal  Bracing. — See  "Bracing." 
Diagonal  Tie.— See  "Tie." 
Diagonal  Wrencli.— See  "Wrench." 

Diagram. — ^A  sketch,  outline,  or  skeleton  drawing.    A  record  made  by  curves  plotted 
on  crossrsection  paper. 
Clearance  Diagram. — A  diagram  used  in  bridge  designing  showing  the  horizontal 

and  vertical  clearances  in  a  structure. 
Displacement  Diagram. — A  diagram  in  which  the  relative  position  of  points  nim^srnts 

in  magnitude  and  direction  the  relative  displacement  of  particle's. 
Double  Tracing  Diagram. — A  diagram  on  cross-section  paper  containing  two  related 
groups  of  curves,   and   involving   four  variable   quantities.       See   Figs.    55mm 
and  bStw, 
Erection  Diagram. — A  skeleton  drawing  of  a  truss  or  span  showing  all  pioees  in  thrir 
relative  positions,  properly  lettered  and  numbered  in  order  to  facilitato  the  proci  ^h 
<rf  erection. 
Force  Diagram. — A  diagram  in  which  the  amounts  and  din*etions  of  forws  arc 

represented  by  lines  for  the  purpow  of  finding  their  rf!Wiltant. 
F^ame  Diagram. — A  diagram  of  a  frame  in  which  the  potitumn  of  the  aju-s  of  the 
joints  are  shown  by  points,  while  the  rigid  connffctions  are  shfjwn  by  Urum  lxftw«*en 
them. 
GrapUc  Diagnun. — A  diagram  in  which  lin^*  are  drawn  to  rt'pnt^'ui  the  i-Urments 

of  a  problem. 
ladicmtor  Diagram. — Hic  diagram  -\ifrw\ufi  i}tf'  r^lation  Ix'twaii  jm^wun;  and  piston 
travel  in  an  engine  cjlind'rr,  an  Xratjii  hy  'nnUfniffT. 
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Diagram. 

Load  Diagram. — ^A  diagram  showing  the  amounts  and  arrangement  of    loaib  a 

a  structure.    The  diagram  taken  ofT  an  engine  by  an  indicator. 
LocomotiYe  Diagram. — A  diagram  showing  the  wheel  loads  and  spacingjB  in  a  loco- 
motive. 
Moment  Diagram. — ^A  curve  showing  the  values  of  the  bending  moments  in  a  bean 

or  truss  at  various  sections  thereof. 
Packing  Diagram. — ^A  drawing  showing  the  arrangement  or  packing  of  the  parts 
of  a  composite  member  or  the  disposition  of  several  members  meeting  at  a  pud 
point.     Refers  generally  to  arranging  truss  members  on  pins  in  pin-oooDected 
structures. 
Shear  Diagram. — A  diagram  showing  the  variation  of  the  shear  along  a  beam  or 

truss. 
Skeleton  Diagram. — A  diagram  which  shows  the  general  peripheral  outline  and  the 

main  members  in  a  truss. 
Stress  Diagram. — A  skeleton  drawing  of  a  truss,  upon  which  are  written  the  stresses 

in  the  different  members.    Also  called  '^  Diagram  of  Stresses." 
Williot  Diagram.— See  "  Williot  Diagram." 
Diagram  of  Stresses. — Same  as  ''Stress  Diagram,"  q.v. 
Diagram  of  Weights. — ^A  system  of  right  lines  or  curves  giving  the  weights  of  meUl 

or  portions  of  same  per  lineal  foot  of  structure  for  bridges,  trestles,  etc 
Diametral  Pitch.— See  "Pitch." 
Diametral  Plane.— See  "Plane." 
Diamond  Drill.— See  "DriU." 

Diaphragm. — ^A  thin  plate  or  partition  across  a  bridge  member  to  stiffen  the  same. 
Diaphragm  Plate.— See  "Plate." 
Die. — ^A  steel  former  or  device  for  shaping,  impressing,  or  cutting  out  something. 

Pipe  Die. — A  tool  for  cutting  threads  on  a  pipe. 
Dies. — Two  flat  plates  of  hardened  steel  having  a  semi-circular  groove  cut  in  the  edges 
making  contact  with  each  other.    This  groove  has  an  internal  thread,  so  that  wto 
the  two  pieces  are  brought  together  in  a  stock  a  female  screw  is  formed.    It  s 
used  for  cutting  threads  on  rods,  bolts,  etc. 
Die  Stock.— See  "Stock." 
DifferentiaL — An  infinitesimal  difference  between  two  values  of  a  variable  quantity. 

Also  often  used  for  the  expression  "differential  gear."  • 
Differential  Block.— See  "  Block." 
Differential  Capstan. — See  "Capstan." 
Differential  Coefficient.— See  "Coefficient." 
Differential  Coupling. — See  "Coupling." 
Differential  Gear.— See  "Gear." 
Differential  Jack.— See  "Jack." 
Differential  PuUey.— See  "Pulley." 
Differential  Screw  Jack.— ^ee  "Jack." 
Differential  Tackle. — Same  as  "  Differential  Block,"  q.v. 
Differential  Windhiss.— See  "Windlass." 

Dike  or  Dyke. — A  mound  of  earth  built  to  prevent  the  overflow  of  rivers  or  of  the  sea; 
also  to  keep  the  channels  of  rivers,  streams,  etc.,  in  one  position.    A  timber  con- 
struction to  protect  a  river  bank  against  erosion  or  to  form  land  by  depositicm  of 
sediment. 
Puddle  Dyke. — A  dyke  with  a  puddle  wall  running  longitudinally  throu|^  it. 
Dimension. — Bulk,  size,  extent,  or  capacity.    The  length,  width,  height,  etc.,  in  unitfl 
of  measure. 
Dimension  Stone. — See  "Stone." 
Dinkey  Engine. — Same  as  "Dinkey  IxKJomotive."    Sec  "Locomotive." 
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Dinkey  Locomothre. — See  *' Locomotive." 

Dip. — ^The  inclination  to  the  horizontal  of  any  stratum  of  earth  or  rock. 

Dipper  Dredge.— See  "Dredge." 

Direct  Stress.— See  "Stress." 

Direct  Tension.— See  "Tension." 

IMrect  Wind  Load  Stress.— See  "Stress." 

Disc  or  Disk. — A  flat  circular  piece  of  material. 

Screw  Disc — ^A  plate  or  casting  circular  in  plan,  shi4)ed  like  the  thread  ci  a  screw, 
or  having  a  helicoidal  surface. 
Discharge. — ^A  flowing  out.    Used  in  connection  with  the  amount  of  liquid  passing 
through  an  orifice  in  a  unit  of  time,  or  the  amount  of  water  in  a  stream  passing 
a  given  crossHsection  in  a  unit  of  time. 
Discharge  Valve.— See  "Valve." 

Discount. — ^An  amount  deducted  from  a  sum  owing,  or  to  be  paid.    To  deduct  such 
a  sum  of  money. 
Bank  Discount. — ^The  advanced  payment  of  interest  demanded  by  the  bank  at  the 
time  of  making  a  loan.    It  is  computed  as  simple  interest  on  the  face  value  of 
the  note  for  the  time  given. 
True  Discount. — ^The  present  worth  of  the  interest  computed  on  the  face  value  d 
the  note. 
Disk. — Same  as  "Disc,"  q.v. 
Disk  Couplhig.— ^ee  "Coupling." 
Disk  Crank.— See  "Crank." 
Disk  PUe.— See  "Pile." 
Displacement  Diagram. — See  "Diagram." 
Ditch. — A  trench  made  by  digging.    A  narrow  open  passage  for  water  on  the  surface 

of  the  ground. 
Dive  Culvert. — Same  as  "Syphon,"  q.v, 

Diving-beU. — A  mechanical  contrivance  consisting  of  an  inverted,   or  beU-shaped, 
chamber  filled  with  compressed  air  in  which  persons  are  lowered  beneath  the 
water  for  the  examination  of  the  foundation  of  bridges,  etc. 
Diving  Dress  or  Diving  Suit. — ^A  submarine  armor  used  for  the  same  purpose  as  that 

of  a  diving  bell,  q,v. 
Division  WaU.— See  "WaU." 

Dock. — ^An  enclosed,  or  partially  enclosed,  water-space  in  which  vessels,  barges,  etc., 
are  loaded  and  unloaded. 
Dry  Dock. — ^A  dock  from  which  water  is  withdrawn  after  the  vessel  is  floated  in  for 

repairs. 
Wet  Dock. — A  dock  where  vessels  are  placed  to  load  and  unload. 
Dog« — A  name  for  various  mechanical  devices,  tools,  etc.,  that  usually  grip  something. 
The  grappling  iron  which  lifts  the  monkey,  or  hammer,  of  a  pile  driver.    Any 
part  of  a  machine  acting  as  a  claw  or  clutch.    A  click  or  pallet  which  restrains  the 
back  action  of  a  ratchet  wheel. 
Bench  Dog. — ^A  hook-shaped  iron  fastened  to  a  bench  for  holding  in  place  materials, 

such  as  wood. 
Cant  Dog.— Same  as  "Cant  Hook,"  q.v. 
Chain  Dog. — A  lumber  chain  having  on  each  end  a  hook  to  be  driven  into  logs  that 

go  to  make  up  a  raft. 
Eye-bar  Dog. — A  special  pair  of  tongs  for  lifting  and  moving  eye-bars. 
Girder  Dogs. — ^A  special  pair  of  dogs  used  for  lifting  and  moving  girders. 
I-Beam  Dog. — A  special  pair  of  dogs  for  lifting  and  moving  I-beams. 
BafI  Dog. — ^An  iron  bar  with  ends  bent  over  and  pointed  for  securing  logs  together 

in  a  raft. 
Bing  Dogs. — ^A  pair  of  dogs  connected  by  a  ring. 
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Giqi  MUbTir-Any  dolly  that  hae  a  eiqiped  ead 
Flat  DoBsr.-— A  hammer  headed  ddly,  flat  on 
Gooao-neek  DoOsr.— A  dolly  that  haa  a  quieldif 

enda  arranged  for  reoeivhig  rivet  heada.  .  W4^ 

Heel  DoDj.— A  tee-headed  doUy,  having  the  far  end 
eighths  (Ji)  inch  bolt  located  one  and 
centre  of  the  tee  head.    Abo  a  doUy  witii  a 
bend  at  one  end,  the  cup  being  in  the  short  end. 
florae  DoDj.— ^ame  as  a  "Gooee-nedc  DcSfy,'*  qjK   tt/l^ 
Ring  DoDy.— A  dolly  having  a  handle  attached  to  im^ 
have  a  series  of  holes  near  the  oircumf erenoe  on  ona' 
other.    A  ti^s  bolt  goes  through  any  of  the  holea 
placing  the  bucking  bar  at  any  angle  required. 
Smw  DoUy. — ^A  straight  dolly  with  a  shaft  that 

beams  for  bucking  up.  -iti^ 

Spring  DoUy. — ^A  dolly  having  a  heavy  hammer  haljil. 
Each  end  of  the  hammer  has  a  cup  to  receive  tbfli 
driving.  K<^ 

Straight  Dolly. — ^A  cupnahaped  dolly  with  a  straii^t 
DoDy  Bar.— See  "Bar.' 
Dolomitic  Limestone. — See  "Limestone." 
Dolphin. — ^A  cluster  of  piles  driven  some  distance 
span  piers  of  an  opening  bridge  to  protest  tlie 
from  passing  vessels. 
Donlcey  Engine. — See  "Engine." 
Donkey  Pump.— See  "Pump."  -^j-H 
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Dorchester  Sandstone. — Soe  "Stone/' 

Doty  Tie.— See  "Tie." 

Double  Bitted  Axe.--8ee  "Axe/' 

Double  Blocks.— See  "Blocks/' 

Double  Bowstring  Truss.— See  "Truss." 

Double  Cancellation. — See  "Cancellation." 

Double  Cap.— See  "Cap." 

Double  Concentration. — See  "Concentration." 

Double  Deck.— ^ee  "Deck." 

Double  DrilL— See  "  Drill." 

Double  Ender  Locomotive. — See  "Locomotive." 

Double  End  FUe.— ^ee  "FUe." 

Double-faced  Hammer. — See  "Hammer." 

Double  Flemish  Loop  Knot.— See  "Knot." 

Double  Intersection. — Same  as  "Double  Cancellation/'  q.v. 

Double  Intersection  Tmss.— See  "Truss." 

Double  Joint— See  "Joint." 

Double  Knot.— See  "Knot." 

Double  Lacing. — See  "Lacing." 

Double  Latticing. — Same  as  "Latticing/'  q.v. 

Doable  Locomotive  Excess-load. — See  "Locomotive  Excess-load." 

Double  Piston  Locomotive. — See  "Locomotive." 

Double  Refined  Iron.— See  "Iron." 

Doable  Rim  Bearing  Draw.— See  "Draw." 

Doable  Rim  Bearing  Tamtable.— See  "Turntable." 

Double  Riveted  Lacing. — See  "Lacing." 

Double  Riveting.— 8ee  "Riveting." 

Double  Rotating  CantUever  Draw.— See  "Draw." 

Double  Shear.— See  "Shear." 

Double  Shear  Steel.— See  "Steel." 

Double  Speed  PaUey.— 8ee  "Pulley." 

Double  Triangnhur  Trass.— See  "Truss." 

Double  Track  Tank  Locomotive. — See  "Locomotive." 

Doable  Wrench.— See  "Wrench." 

Douglas  Fir. — A  species  of  the  pine  family  found  on   the  Pacific  Coast.      Grows 

very  large  and  furnishes  hard  durable  timber. 
DovetaU. — ^A  manner  of  making  joints  by  having  a  series  of  projections  in  one  piece 

fitting  into  corresponding  recesses  in  another  piece.    A  joint  in  carpenter  work. 

It  is  a  poor  joint  in  timber  where  much  stress  has  to  be  provided  for.    The  shape 

of  the  tongue  of  the  joint  is  like  that  of  the  spread  tail  of  a  dove. 
Dovetail  Joint.— vSee  "  Jomt." 
DoweL — ^A  straight  pin  of  wood  or  metal  driven  part  way  into  each  of  the  two  faces 

which  it  unites.    Also  called  a  dowel-pin. 
Dowel  Joint.— See  "Joint." 
Dowel  Masonry. — See  "  Masonry." 
Draft. — ^The  depth  to  which  a  floating  vessel  or  box  sinks  in  the  water.    Also  a  cut 

or  a  groove. 
Chisd  Draft. — A  tool  used  for  drafting  stone.    The  cut  in  stonework  made  by  such 

a  tool — generally  at  the  edges  of  the  stones. 
Margin  Draft. — ^A  chisel  draft  around  the  edges  of  a  stone. 
Drafted  Dressing. — See  "Dressing." 
Drafted  Stone.— See  "Stone." 

Drainage. — ^The  run-off  in  a  drainage  area.    A  system  of  piping  to  carry  off  water. 
Drainage  Area. — See  "Area." 
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Draught. — ^A  drawing.    A  narrow  level  strip  which  a  stone-cutter  first  cuts  aroirai 

the  edges  of  a  rou^  stone,  to  guide  him  in  dressing  off  the  face  thus  endoeed  b 

the  draught.    To  make  drawings.    Spelled  also  ''draft." 
Draw. — ^The  movable  portion  of  a  draw-bridge.    To  make  drawings.   To  haoL 
Centre  Bearing  Draw. — ^A  swing  span  supported  on  a  central  pivot. 
Double  Rim  Bearing  Draw. — ^A  draw  span  supported  on  two  rims  or  a  double  drum. 
Double  Rotating  CantileTer  Draw. — ^A  movable  structure  ccnnpoeed  of  two  adjaoat 

swing  spans,  the  inner  ends  of  which  are  mechanically  connected,  and  the  ovkr 

ends  of  which  engage  with  anchorages. 
Revolving  Draw. — ^A  draw  which  turns  in  a  horisontal  plane. 
Rim  Bearing  Draw. — ^A  swing  span  supported  on  a  rim  or  drum. 
Rotating  Draw. — Same  as  ''Revolving  Draw/'  q,v. 
Wedge  Bearing  Draw. — A  swing  span  in  which  the  live  load,  or  a  portion  therarf, 

is  carried  by  wedges  under  the  chords  of  the  trusses. 
Draw  Bridge.— See  "Bridge." 
Drawing. — ^The  act  of  pulling  or  hauling.    The  making  of  a  plan  on  pap^,  et4^   Ab> 

the  plan  itself. 
Detafl  Drawing. — ^A  drawing  on  a  large  scale  showing  all  small  parts,  dimensioDfi^ 

details,  eto. 
Erection  Drawing. — Same  as  "Erection  Diagram."    See  "Diagram." 
General  Drawing. — ^A  drawing  showing  the  elevation,  plan,  and  croas-aection  of  the 

structiu*e — also  the  borings  for  substructure  and  the  main  dimensions. 
Perspective  Drawing. — ^A  drawing  showing  in  perspective  any  structure.     See 

"  Perspective." 
PIctiire  Drawing. — A  general  drawing  attempting  to  show  as  a  picture  the  acUuI 

way  the  structure  would  look. 
Shop  Drawing. — A  drawing  of  a  structure  or  machine  showing  all  parts  and  dimensioog 

so  that  the  shop  can  actually  build  what  is  indicated  on  the  drawing  without 

other  information. 
Skeleton  Drawing. — Same  as  "Skeleton  Diagram."    See  "Diagram." 
Working  Drawing. — Any  drawing  showing  all  the  parts  and  dimensions  with  otha 

information  pertinent  to  construction,  so  that  whatever  is  shown  can  be  boib 

without  other  drawings  or  instructions. 
Drawing  Down. — ^Reducing  gradually  the  sectional  area. 
Draw  Plate.— See  "Plate." 
Draw  Rest. — A  pile  and  timber  structure,  ballasted  with  rock,  built  i^proximateJy 

at  right  angles  to  the  bridge  tangent  and  extending  up  and  down  stream  so  as  to 

underlie    the   draw  span  when  it   is   open,  ther^y  affording   protectkm  from 

passing  vessels  and  providing  a  support  for  the  ends  of  the  span  yirbea  open.    Built 

sometimes  of  masonry. 
Draw  Span.— See  "Span." 
Dredge. — An  apparatus  or  machine  for  lifting  mud,  sand,  silt,  and  small  boulders 

from  the  bottom  of  a  stream  or  the  bed  of  an  arm  of  the  sea.    To  excavate  with 

a  dredge. 
Backet  Dredge. — A  dredge  which  hoists  out  the  material  by  the  use  d  buckets 

usually  attached  to  an  endless  chain. 
Clam-sheU  Dredge. — A  dredge  using  a  clam-shell  bucket  attached  to  a  hoisting 

apparatus  like  a  derrick. 
Dipper  Dredge. — A  dredge  using  a  dipper  or  cubical  bucket  mounted  cm  the  end  of 

a  boom. 
Featherstone  Dredge. — One  of  the  many  types  of  dipper  dredges. 
Ladder  Dredge. — A  dredge  having  buckets  mounted  on  an  endless,  ladder-like  chain. 
Orange-peel  Dredge. — A  dredge  using  an  orange-peel  bucket  attached  to  a  hdsting 

i^paratus  like  a  derrick. 
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-The  eWiift  iiMi|Hii&  and  ledng  of  stooee  lor  maeomy  wock. 
finUi  m  etonePQik  ae  kit  bgr  the  maaon'a  a»  a 

lMirfBiir--A  finMi  In  aUxnewQik  wn^^ 

Df tiaaiwi  —A  finkh  in  atonewwk  wzoui^  with  a  ^'ponoh''  lAer  the 
^aiolaee  haa  been  dvoved. 

Aied  Pi  laaing  —A  atonewwk  iliwwing  made  with  an  an  ta  wmiliVi 
^^G^randaOed  Draasinft"  9.9. 

■rniBfed  Dfeaaiwi  —A  finiah  in  atonewoik  wrougjbt  with  a  IwBh  hamamfe- 
DitMtaii.— fiame  aa  "Boasted  Dreasingy"  9.9. 
Stoeked  Draaring.— A  droved  ilmwing  in  maaoniy  in  fddoh  the  tolia 
like  thoae  in  a  oohunn.  * 

Dff  aaaiwi  —A  finiah  in  atonewoik  in  whidi  the  laee  o£  the  atone  ia  dioaaed 
.a  jteie  with  a  crandaflL 

Dreaatngd    The  eruahing  or  crumbling  ci  aoft  atone  under  the  toola 
^whfle  being  woiked,  leaving  inegularitiea  in  the  finiahed  aurfaee. 

Dreaafaigd— A  finiah  in  atonewoik  having  a  nanow  efaiael^aft  eut  aBoaad 
Umb  liaoe  or  maiipbiL 

Dteaalng.— A  iniah  in  atonewoik  wrooi^t  with  a  broad  ehiael  or  hanoMr 
1^  jiaialldi  flutingB  acroaa  the  ffu)e  h^ 

Sireked  Dreaaing*' — ^A  atroked  dreaaing  in  maaoniy  in  wfaiiA  the  ^^sy^Hflff 
;made  wavy  and  like  fibrea  in  appearanoe.' 

rMNed  Preaatngi—A  type  of  eUme  dreaaing  in  whidi  the  aurlaoe  left  by  nragh 
ia  xeduoed  to  a  degree  of  amoothneaa  auch  that  no  part  projeeta*  more 
[|hi|n  a  quarter  of  an  ineh  beyond  the  ptteh  face. 

DiuaalBg.-- A  finiah  in  stonework  wrougbt  with  a  maaon'a  hammer. 
Bane  Dteaalng. — ^A  type  of  atone  dreaaing  made  by  eutting  flutooia  lil^af 

direetion  on  the  face  of  the  atone. 
Pffaaiag  or  Nigged  DfeaBl«g.^In  stonework  a  finiah  picked  with  a  pointed 

oroaviL 
llammered  Dteaalng.— A  tann  of  stone  facing  made  with  a  patent  Iwuhmer. 
bmaar  DreaalBg. — A  form  of  atone  facing  made  with  a  pean  hammer. 
.JPijaaiag     A  ladng  of  stonework  made  by  a  maaon'a  pidc  in  redudng  the 

to  an  approodmate  plane. 
:cJPreaalag  or  Pitched  Fteed  DreaalBg.—- In  stonework,  a  finish  dreaaed  to 
Knee  or  edgea  with  a  pitching  ohiseL 

• — In  atonewori^i  afadng  rubbed  smooth  to  remove  tool  marka. 
•-*^A  form  of  atone  facing  mide  by  ehipping  off  projeetiona  wWi 
\*B  point  or  aimilar  tooL 

• — ^A  finiah  in  stonework  made  by  rubbing  a  tooled  aurfaee  down 
auilaee. 

type  of  stone  dreaaing  in  which  the  mahee  m  wxauj[^t  hito 
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ipg<J^Baalag^—8ame  aa  "Bock  Faced  Drennng/'  9.9. 

{.-—In  atonework  a  finish  cut  with  a  broad  tool  into  irregular 


JBfitmkfgj—The  facing  on  stonework  left  rou|^  aa  it  oomea  horn  the 

rlMlir  be  drafted  or  pitched  ao  aa  to  reduee  projeetnig  pointaon  the  laee 
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▼JMpliriiitil  DuMhig  or  Wnw 

]|iiir.*-A  material  oontainLig  HMteltfe 

JMtoiflb  ior  the  putpom^d  iiaftihwejint 
Drift,— A  lioriioiital  or  mdiiied  pmwigt'lBri»> 

iKte  in  ffteel  work  by  drifHMni'   Ibsi^^^ 
o£  a  double  aet  of  ropes  and  btoekBi  oaa  •# 
To  enlariB  a  hole  with  a  oonioal  pin^      r^  ^wr^ 
Drift  Boll.-6ee  "Bolt."  w '  t^r, 

Drift  Ice. — ^MaaseB  of  detached  floating  ice 
Drift-9iB,-T-A  ahort,  tiqieied  rod  for  enlaiiing  i  i  wail  Iwijtf 
DrilL—To  bore  a  hole  in  a  material  with  a  tool  iiWfqiiiij 
The  tool  itaelf  or  the  apparatua  holding  and 
Calyx  Core  DriD. — ^A  drill  for  making borin0B&i< 
afaank  having  a  hollow  ateel  bit  under  whiril- 
The  rotation  and  pressure  cause  the  shot  to  mS' 
of  it  sticking  upward  inside  the  drilL    At  suilaMlili 
and  brought  to  the  surface  for  examination.        '    </>  Irj 
Centre  DrilL — ^A  drill  for  making  a  central  hd^  aa  in 
Ctkwm  DriU. — ^A  steel  bar  about  dght  feet  long  having; 

for  drilling  into  hard  strata.  •    4 

Ctomp  DriU. — A  drill  having  a  clamp  to  hold  it  to  ih»' 
Core  DriU. — ^A  rock  drill  having  a  hollow  cutter  ao  tbivl^ 
out  which  extends  upward  into  the  interior  of  thttdril 
intervals  the  core  is  broken  off  and  brought  to  the 
Countersink  DrilL — ^A  tool  combining  a  drill  and  a 
Diamond  Drill. — A  type  of  core  drill  using  black 
which  is  revolved  by  a  shaft  extending  to  the  groiin^^ 
with  suitable  driving  machinery.  X; 

Doable  Drill. — ^A  drill  with  two  cutters  for  making 
Fluted  DriU. — ^A  .drill  having  two  longitudinal  groovpa^^ 
Forked  DriU.— A  slotted  tool  with  a  forked  point  iiaad^l 
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DiB.— A  tol  ttiouiited  in  a  miifthiiwt  and -Iwn h^pomm^  \  .v^y:*trM  ^rivtf^'^,-  .^^ 
mOL—A  mM  dfilkpod  his^^mUi^tinWBbUit^M  aidlinnMB  a^  '^^> :  ^ 
1ML--A  driH  for  bofb^  pin  fcoieg  k  triiK  ni^^  v*  v^^^ilvf^T^f 

DijHkr-^A  MAi90  M^^  diaiiml  IsiMMMdio  aiRadH'tttM^ 

1ML-— Angr.diffi  oporalid  by  a  lalotiBi mwifcaniwn  ■  ^  ^M  /^i>li-^h%  , 

DiflL— Ai^r  drill  used  for  quanrying  rook.  h  -    -  .  w,i^  >rrtl     ' 

lliA-^A  drill  with  a  eylindrioal  cutting  face.  vr^iln'^  X^4  V 

DlflL— A  drill  having  ^  rotating  motion  instead  of  a  duiiliAlg^ndtiillilX  Wi 
Dftt.— A  drill  having  a  shank  that  fits  into  a  sodc^ .  .r^A^.^'x^fi' 

IMt-^A  bit  iii^d  to  cut  b^  in  s^  .  :  triv>if^#a 

Skulk  MIL— A  drill  having  a  straii^  shank,  in  contr»fdi8tboADJI>«d  » 
taiwred  shank,  q.v. 
IbpM' SiMuyE  IMI.--A  drin  having  a  tapered  sha^ 

1M  Difll  or  tit  INttr-A  square^aded  cylindrical  drill,  with  a  sharp,  pgaiHDidai 
piolcctian  iHRiing  from  the  centre  of  the  cutting  face. ' 

Jndricsd  driU  having  two  paialH  >pbid  grooves  on  <4ipo8ii^(^  s 
iind  tbrpcimt  sharpened  to  an  obtuse  angle. 

as  "IWn,"  «.».  -viiM 

>--llie  cutting  tod  used  in  a  drilling  machine.   Also  called  "DriOi'Vfjr^ 

"Chuck."  :rwa 

"Gauge."  i  M^/r 

Maddne.— A  uiachine  for  boring  holes  in  metals)  rook,  etc.  :i  uKl 

r— Hw  cuttingB,  or  shavings,  arising  during  the  process  of  driUisg.    AlsnHK 
teks  that  ai^  drilled  in  the  ground.  "7t) 

breast-plate  for  hand^lrilling  operations.  .  ;  ^    ii.i^ 

"Plesses."  <| 

"Scow."  •  M,a 

"StodL."  ii 

iuall  dianitel  cut  under  the  lower  projecting  edge  of  a  coping,  etc^ao  thai 
sainHBaefaeB  that  point,  it  will  drip  or  fall  off. 
^'P^ie." 
J  "Stone." 
"Pulley." 
of  the  large  wheels  which  drive  any  machine  or  apparatus. 
Bfiver.— One  of  the  large  driving  wheels  of  a  locomotive.    Ako  the  man 
operates  or  drives  a  locomotive. 
**r-TSia  "Axle." 
"Belt." 
"Box." 
elee*  work,  a  fitting  for  a  bolt  so  tight  that  the  diameter  of  the  hoki 
|he  same  as  that  of  the  bolt,  which  has  to  be  driven  in  plaoe  with 


^'Qear." 
"Nut." 
fW^Swe   Jruuey. 
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Drop. — A  contrivance  arranged  so  as  to  hang,  drop,  or  fall  from  a  hi^ier  posiikm  to  a 

lower  one. 
Drop  of  Beam. — A  term  used  in  testing  materials  to  indicate  that  a  test  piece  has 

passed  the  yield  point  as  shown  by  the  sudden  dropping  of  the  weighing  beam  d 

the  testing  machine. 
Drop  Forging.— See  "Forging." 
Drop  Hammer. — See  "Hammer." 
Drop  Hammer  Pile  Drirer.— See  "Pile  Driy^." 
Droved  Dre0slng.--See  "Dressing." 
Drum. — A  revolving  cylinder  around  which  ropes  t)r  belts  either  travel  or  are  wound. 

The  main  portion  of  a  turntable  for  either  locomotives  or  swing  spans. 
Frictkm  Drum. — ^Any  drum  operated  by  the  action  of  friction. 
Dry  Masonry. — See  "  Masonry." 
Dry  Piiddling.--See  "Puddle." 
Dry  Rot— See  "Rot." 
Dry  Seam.— See  "Seam." 
Dachemin's  Formula. — ^A  wind  pressure  formula  for  surfaces  inclined  to  the  directiDa 

of  the  wind, 

P    «  p     2  sin  A 
"  l-hsin*A 

where 

Pm  b  the  normal  component  of  wind  pressure, 
P  B  the  pressure  per  sqtiare  foot  on  a  vertical  surface, 
A  B  the  angle  of  inclination  of  the  surface  with  the  horizontal. 
Dump. — ^The  place  where  material  such  as  earth,  clay,  rock,  etc.,  is  deposited.    To 

deposit  such  material. 
Dump  Car.— See  "Car." 
Dump  Scow. — See  "Scow." 
Dumpy  Level. — See  "Level." 
Duplex  Hammer. — See  "Hanmier." 
Duplex  SUde  Role.— See  "SUde  Rule." 

Durometer. — An  apparatus  for  testing  the  hardness  of  steel  rails. 
Dust  Guard.— See  "Guard." 
Dutch  Brick.— See  "Brick." 
Dutchman. — A  wooden  block  or  wedge  used  to  hide  an  opening  in  a  badly  made 

joint. 
Duty. — ^The  number  of  foot-pounds  of  work  delivered  for  each  hundred  pounds  of  coal 

burned  under  a  boiler.    Also  the  number  of  foot-pounds  of  work  delivered  for  each 

one  thousand  pounds  of  dry  steam. 
D- Valve.— See  "Valve." 
Dyke. — Same  as  "  Dike,"  q.v, 
Dsmamic  Deflection. — See  "Deflection." 
Dynamic  Equilibrium. — See  "Equilibrium." 

Dynamic  Horsepower. — Same  as  "Indicated  Horsepower."    See  "Horsepower." 
Dynamics. — That  branch  of  the  science  of  mechanics  which  treats  of  the  motion  of 

bodies  and  of  the  forces  acting  thereon. 
Dynamite. — An  explosive  of  great  power,  consisting  of  a  mixture  of  nitroglycerin  with 

some  absorbent  material  such  as  sawdust.    To  blow  up,  destroy,  or  break  up  with 

d3mamite. 
Dynamo. — A  machine  for  converting  mechanical  power  into  electrical  power  or  vict 

versa.    In  the  latter  case  the  machine  is  called  a  motor.    The  essential  elements 

are  a  field  of  magnetic  flux,  produced  usually  by  electro-magnets  called  field  magnets, 

and  a  moving  set  of  conductors  passing  through  the  magnetic  flux  so  as  to  cot 

the  lines  of  force.    The  moving  set  of  conductors  is  called  the  armature. 
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)yiuunomeler. — An  apparatus  for  measuring  the  amount  of  pull  exerted  by  any 
machine  or  engine. 

E 

iUid's  Pump.— See  "Pump." 

^arth  Pressure. — See  "Pressure." 

•basement  Curve. — See  "Curve." 

CcGentric. — Out  of  centre.  A  disk  mounted  out  of  centre  oh  a  driving  shaft  and 
surrounded  by  a  collar  or  a  strap  connected  with  a  rod.  Its  piupose  is  to  convert 
rotary  motion  into  reciprocating  rectilinear  motion. 

Sccentric  Axis. — See  "Axis." 

ilccentric  Gear.--See  "Gear." 

Eccentricity • — The  state  or  condition  of  being  eccentric.    Deviation  from  a  centre. 

Economic  Depth.— See  "Depth." 

Soonomics. — ^The  science  of  obtaining  a  desired  result  with  the  ultimate  minimum 
expenditure  of  effort,  money,  or  material. 

Sddy.-T-A  whirl  or  backward  current  of  water.  A  vortex.  That  portion  of  the  water 
in  a  stream  that  actually  swirls. 

Sdtfe. — ^The  sharp  margin,  or  the  thin,  bordering  or  terminal  line  of  a  cutting  instru- 
ment.   The  extreme  margin  of  anything.    The  brink. 

Sdger. — ^A  cement  finisher's  tool  for  rounding  the  comers  of  cement  or  concrete  con- 
structions. 

SffeetiTe  Area. — See  "Area." 

SffeetiTe  Depth.— See  "Depth." 

SffeetiTe  Horsepower. — See  "Horsepower." 

SITeetiTe  Length.— 6ee  "Length." 

SffectiTe  Span. — See  "Span." 

Sffidency. — ^The  ratio  of  energy  utilized  divided  by  the  energy  expended. 

efficiency  Curve. — See  "Curve." 

Sffiorescence. — ^A  powder-like  incrustation  formed  on  bodies  such  as  concrete,  met- 
als, etc. 

egg-shell  Paper. — See  "Paper." 

ejector. — A  device  for  utilizing  the  momentum  of  a  jet  of  steam  or  air  under  pressure 
to  lift  a  liquid  or  a  finely  divided  solid. 

ejector  Condenser. — See  "Condenser." 

elastic  Arch.— See  "Arch." 

elastic  Curve.— See  "Curve." 

Clastic  Deformation. — See  "Deformation." 

Elasticity. — ^That  property  which  many  bodies  have  of  recovering  their  original  form 
after  the  removal  of  the  deforming  cause. 
Coefficient  of  Elasticity  or  Modulus  of  Elasticity. — ^The  ratio  of  the  direct  stress 
per  unit  of  area  to  the  corresponding  relative  deformation,  sometimes  called  Lineal 
Modulus.    The  numerical  value  is  equal  to  the  stress  per  unit  of  area  in  tension 
that  would  be  required  to  double  the  length  of  a  piece,  were  the  material  of  which 
it  is  composed  perfectly  elastic.    Also  called  ''  Young's  Modulus." 
Shearing  Modulus  of  Elasticity. — The  ratio  of  the  imit  shearing  stress  to  the  accom- 
panying angular  deformation.    It  generally  equals  two-fifths  of  the  lineal  modulus. 
See  "Modulus  of  Elasticity." 
Volumetric  Modulus  of  Elasticity. — The  ratio  of  the  unit  stress,  applied  on  the  three 
principal  axes,  to  the  relative  change  in  volume.    It  generally  equals  two-thirds 
of  the  lineal  modulus. 

Elastic-limit. — ^Tbe  unit  stress  at  which  the  deformation  begins  to  increase  in  a  faster 
ratio  than  the  applied  loads. 
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bfligiiloltibft 

-ibi  antMuritiMf  for  ttitWrMT  loiiii*^  £ 
hoMng  appacBtus:  ijB^  the  ihiiti^  oip^ 
HlfiwwJte  Wwritar^-— An  atevtor 

Wwritar*— A  iKMmg  appiyRirtvi' ii 
»*~A  curve  such  that  the  sum  of  the  -itliaiiiii: 
fool,  to  any  point  oa  the  curve  m  a  cooataal* 

EBIilieal  Arah.— See  "AxoL" 
EBIilieal  Cwf^^r-fiame  ae  "Saiqpae^'Vf^i. 
KJewgation.— The  Btretchiiig  or  eztenaiaii  ol »  pii| 
Embaakneiit. — ^A  bank,  a  dike,  or  an  earthworfc 
EneiWNi'a  Foondation  Pni^--flee  ''F^m^*'^ 
EmpiiieaL — ^Pertaining  to  or  derived  from 
En^Mcal  Coelllci«it--8ee  "Coefficient." 
Empirical  Formiila.--See  "Formula." 
Encased  Knot— See  "Knot." 
End  F1oor.beam.--See  "Fkxxr-beam." 
EmUeMBi  Chain.— See  "Chain." 
End-Hfling  Apparatus. — ^An  apparatus  conaiatlttgof  m 
lifts  and  latches  the  ends  of  a  swing  wpan,     <  -^  i  <^ 
End  Pin.--See  "Pin."  .  nj 

End  Post.--See  "Post."  .i\ii} 

End  Reaction.--See  "Reaction."  n' 

End  Shear.— See  "Shear."  r* 

End  Stiffeners.— See  "  Stiffeners." 
Energy. — ^The  capability  of  doing  work.  I , .. 

Conservation  of  Energy* — ^The  doctrine  that  tiie 
universe  neither  diminishes  nor  increases, 
successively. 

Hydraulic  Energy. — ^The  energy  of  water  in  motioQi^ 

Kinetic  Energy. — Energy  that  is  due  to  motiea. 

Potential  Energy.— Energy  that  is  due  to  position.^ 
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XJ^^BAir— A»  intemal  ooiid>i]Btioii  eogise  uang  gMoliiie  ai  ftiUfiL '  '^^  :  iM '  "^ 

-An  €Pgipe  need  to  opecateAit^  <km6iE^  pite  ili|<ii|ijt 
CbailnalioB  BnciBe.— rAn  enciiMi  m  ^n^Uiidi  ilto  Vtifllk 
iidr^  li  bunwd  dliBct  In  Itie  ^^yliiidBiv^t^^ 
bil^  prawmre  in  the  gaaeB  of  oomlHttttidii,  wihiA  «a^^ 

lii^w.r-^  small  eDgme  employed  in  ateklDg  4  riu^Qoir  ilirifi^ 

hdflting  engine  used  to  raiae  t,  ^lOb^dmmhmmmf^'^  t({>i^>5ri^    ^  t| 
«ED#De    thitft  iNiiib  on  tk  fixed  foifiid«|tei  liit'4^ 

EBClM,r-An  engine  in  whidi  a  portion  o£  the  bea^ 
^vipyed  to  the  oyHnder  1^  means  of  steam,  which  eaqpiiids  hMsd  ^ta^^imi^tM      •  ^ 

ftfoniraid^  ;  ■  \  ■  ■  /'v'   '■;/-??#^"'^^':";.! 

News  Vomnla.— A  fcnrmula  proposed  by  the  late  A.  11^  WiliB|M^^!llL^^y 
^jbr  detcnnhibg  the  safe  hiad  on  piles.  ^^  •<!'..!  ittil^.^^. 

2WH  V        ^^n^ 


\if> 


Safe  Load 
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y  denotes  the  wei^t  of  the  drcp  or  steam  hanwnery  ' 

H  denotes  the  fall  in  feet  or  the  atroke  m  a  steam  han^mo^ 
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fir   ■ 


in  inslMi'': 


«   denotes   ijbe  average  penetration   of  the  pHe  per 
.  under  the  last  few  blows. 
Jftv*  steam  hammer  woik  this  formula  is  modified  by  substitttthag  0.1  in  plabe  i^ 
tpHy  in  the  denominator.^  ,  <\    H  ./^.^ 

a  UreL-^ee  "Level" 

a  Seale.— 6ee ''Scale."  .»ii?;i 

e  as  "Old  £ng|]4i  Bond."   See  "Bond."  ^»^'f 

"Scale." 
•^  a^l^t  oonyex  curve  in  the  vertical  outline  of  a  pilaster  or  of  the  itM^^ 

eurvB  generated  by  the  motion  of  a  point  on  the  eireumf crenee  «  A 
irtiich  rdOa  on  the  convex  side  of  a  fixed  circle.  '  "^  >  / 

iWlu-flee  "Tooth."  ,    ' 

adjuster;  a  leveler.   A  device  for  distributing  a  load  e(|na%  Over  Meni 

flate  of  balance  produced  by  the  counteraction  of  two  or  more  loiMi 
'0  a  body  so  acted  upon  by  a  balanced  system  of  forces  that  it  Im'no 
its  condition  of  motion  or  rest. 
That  condition  of  a  body  in  uniform  motion  in  vfliBli  ^ 
the  forces  acting  tliereon  is  aero. 
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mimm*m^--A  ban  afnwiirirtHrJM; 


awBtiga  CSv.— flee  ''CSw.^ 


'-*rii* 
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<5^4t^ 


BwclJMi  GMi.— flee  "Qtog." 

aMtfjy  TBvtioal  nntttnl  fiMili§ 

Eaters  Fomvk.r— A  fofmula  iiiiMiniiim  lhi» 
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P  "-  the  eortenial  kiad  or 
^  »  the  moduhis  of  eUvtieilg^ 
/  •>  the  least  nunnent  of  ioirtia. 
I    ">  length. 

a  »  ooDfitaiit  depending  on  end 
T  -3.14160. 
Even  BewiBg.— See  "  Bearing." 
Evohite. — ^A  curve  which  is  the  locus  of  the  osdIbi^I 

the  envelope  of  the  normals  to  the  latter.  '■  ( 

Ezeavating  Shaft.— See  ''  Shaft." 
Excavation. — ^The  act  of  taking  out  materiaL    Aft 

hollow  or  cavity  formed  by  removing  the  interior 
Excavator. — ^A  horsepower  or  steam-power  "MMtKltMi  fof 
earth,  loose  gravel,  sand,  or  any  kind  of  soiL 
Pneumatic  Excavator. — ^An  excavator  operated  by 
Excentric. — Same  as  '*  Eccentric,"  g.».  ,  > 

Excentric  Load.— See  "Load."  ..m 

Excess  Load. — See  "Load." 
Expanding  Reamer. — See  "Reamer." 
Expansion. — Enlargement,  lengthening  due  to  heat. 
Coefficient  of  Expansion. — ^The  amount  of 
substance,  per  unit  of  agent  causing  the  effeoL 
lineal  expansion  of  a  bar  of  steel  for  an  increM 
per  unit  of  length  per  degree  of  temperatu.-^.      ^i^^ 
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movaUe  end  q£  a  Btnictun^  txMde,  qpctiy  tviii^  «le. 

"Gilder." 
"JWnt." 
PodM.— See  ''PodEei." 
Mliff^-8ee  "Bolkr/' 

-PMluniDg  to,  or  of  tbe  nature  of,  exptoekm.  Axgr  eidMUttiee  tiif  1^ 
deeon^Kwitum  of  which  gas  is  gonented  with  mioh  great  ni|»dit3r  that  aa  intMWi 
■jMMsre  ia  audden^  aet  vp,  produeing  the  effect  of  tremeiidoiie  inqiael^  and  iiMp 
toplxxn  of  the  leetiaining^nediuin. 

Bar^-See  "Bar."  >i 

I1ala--flee  "Hate."  ';j 

-An  apparatus  for  measurii^;  minute  degrees  of  eapansioii  or  ebntmbtioB 
■4&  metal  bars  imder  the  influenoe  of  tempegrature  or  uoder  stress.  '  '\'^\ 

WaB.— See  "Wan."  ^ 

;-— The  eonvex  eurve  of  a  masonzy  arch.    The  upper  surface  of  the  vidtanfia 
iirtien  m  poi^tlon. 

mm.— See  "Fibre." 
Hl^  Water.— 6ee  "Wator." 
m^  Water  Maik.-«ee  "  Water." 
hob  in  the  end  of  a  member  to  permit  the  passage  of  a  ]^. 
Ira.— The  eye  in  an  "Eye  Bolt,"  g.s. 

E^re^—An  eye  on  the  end  of  a  rod  or  square  bar  dongated  in  the  form  of  a^ldap* 
Mf^ — ^An  oval  eye  in  the  end  of  an  ^ye-bar  in  place  of  the  usual  rouid  hole. 
Sln^. — A  hinge  which  fits  over  an  eye. 

— A  bar  with  an  eye  at  dther  one  end  or  each  end.  -'  •  ^ 

E7e-har.n-An  eye4>ar  that  can  be  lengthened  or  shortened  alter  eraetleri 
fay  means  of  a  sleev&nut,  turn-buckle,  or  clevis. 
'linpSMd  j^ye-barir— An  ^ycnbar  supported  by  tmssing  so  as  to  resist  ooQipreBdOtt 
bending. 
OoCr-^See  "Dog." 
Head.-«ee  "Head." 

"Hook."  ^ 

UpasttCTd — ^A  machine  for  enlarging  the  end  of  a  plain  bar  sufficiently  to  permit 
Hie  forming  of  an  ^ye  that  will  devebp  the  full  strength  of  the  bar.  * 
"Bolt." 
-The  lens  in  the  smaU  end  of  a  transit  or  level 
"SpKoe." 
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aet  or  process  of  framing  and  fitting  rolled  steel  diapes  for  struetiaesi 
together  of  parts  of  a  structural  steel  construction  i^d  riveting  them, 
elevation  or  exterior  face  of  a  building,  usually  the  front  or  chief  laoe^ 
-JtflaDe^  exterior  face  of  a  solid.  The  front  view  or  exposed  part.  Tlieworidng 
Slitting  portion  of  a  grinding-wheel,  or  the  edge  of  any  cutting  to^  Topcepare 
a  lace. 

"Jomt." 

"Tooth." 
"Wall." 

of  earth,  turf,  or  stone  laid  upon  the  sloping  sides  of  a  nSttmSi  ^tltlji^ 
yt^  other  inclined  earthwork  in  order  to  jnotect  tha  opoind 
''^  Ik  iteeper  dope  than  generally  is  natural 
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point  eifMyked.   llie  i^^ht  wl  tT 
iliiBr  for  flie  Qmt  paiidi  cwetod  Mii  tiMife 
^'-    -^ioeoeediiiciMiifllB.^  •>-   -' .^u!r^^' 

lifiitr  MMwoilb— Hie  fihework  butt 

aobaicer  used  in  areelion,  m  ili^dbioQ^ii 

whidi  apparatus  has  replaced  it  ei»iM^«^  •^'x 
mwwetfc  Beits,---Any  botes  used  inuring  ~ 
lUMweifc  Cap^— See  "CiHP."  -*  ^.r^i^ 

f^ihewsfk  POe.— See  ''Pile."  .^Ji 

nn-tatt  Joint— See  "Joint."  .  <  iV^^* 

Fbscia. — ^Any  flat  member  or  moulding  wilb  but  mb 

portion. 
Ftueia  Girder.— See  "  Giider." 
Fasdne. — ^A  bundle  of  brush  wned  togetber  and 

protection  work  to  prevent  the  wadiingawa|t4liF 


Wm- 


q.v. 


'<* 


M*m 


Fastening  Angle. — Same  as  ''Connecting  Angb.''   See,^ 

Fast  Joint— See  "Joint." 

Fast  PnDey.— See  "Pulley." 

Fat  Lime.— See  "Lime." 

Fatigue  of  Metal.— See  "  Metal." 

Faucet. — A  device  fixed  in  a  receptacle  or  pipe  to  eamitiA 

Feather. — ^A  longitudinal,  projecting  guide  on  %  dhiHit 

of  metal  placed  in  a  hole  in  conjunction  with  a 
Plug  and  Feathers. — ^A  combination  of  two  f< 

in  a  hole  in  a  rock,  the  plug  being  driven  with  m 

pressure  is  produced  and  the  rock  broken.  .  >, 

Feather  and  Wedge. — A  single  feather  combined  with  W 

splitting  rock. 
Feather-edge. — ^Any  edge  that  is  thin  and  sharp  lik^  |^ 

that  is  thinner  than  the  other. 
Feather-edge  Brick.— See  "  Brick."  ' 

Featherstone  Dredge. — See  "Dredge." 
Feed  Water  Pump.— Same  as  "Donkey  Pump."   See 


X.* 


f.i--  '\' 


rubbmg,  and  Mairing  pien. 

cr  i1bii;-^-nie  kngilil^ybAl  filiidfllit  of  m  body^ 

nbfSii— Hie  fibre  which  is  most  ranote  firooi  theneoMi^fliii  ^'' '^n^fi  ^tirf  1^^^>| 
mm.— A  hefd,  tiiidc,  deoM),  fibroue  material  wed  M  ioMimm0ii:1-^^ 


mm.— A  veeetable  fibre  eatunifted  and  eoftkad  tlitli  H  tn^Wk^lMk 


the  material  toui^neee  and  atrength. 


f-VTJ  -^    Jit! 


<« 


rt 


taining  or  oonaiettng  of  fibrea. 
"Fraeimw." 

A  bode  eontaining  any  field  reooida. 


"Work^" 


j*vri.«i'T  ;jt,«4'i 
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character  or  quality  of  steel  as  esfaibtted  fay  ita  fracture  irtlBiff  Ihe^ltlBQa 
yeiy  ooane  and  bright.  '  ;  rfi<jni.^«    ,^ 

"Steel"  '    1  j^  i3-#jfi* 

"Kiiot."  -V'-'.  •  ♦•■ji.vifrrit^ 

-A  coUeclkm  of  papen  arranged  in  order.    A  reoeptade  for  hoi^ag  |M|IMJi'^J' 

mil^  steel  hand-tool  used  for  reducing  or  smoothing  metali,  woad,  4mt^ 

lesistant  materials.   To  cut  or  wear  away  a  portion  of  an  dbjeet  ly  ili»-i4>pfci<iit 

^al  A  filmg  togL  .  i    «tJ^ 

Fle^-A  file  having  an  intennediate  surface  between  that  of  a  slAoolhi-iiid 

file  terminating  in  a  bhmt  end.  ^    vt' < 

-A  small  file  having  a  circular  cross  section.  •*  ^   '^ 

bd  Ala. — A  file  having  both  ends  cut  for  service. 
flla.— *A  thin  file  flat  on  the  two  opposite  faces.  --^ 

Woad  ilia.-— A  coarse-out,  flat  file  for  using  on  wood.  -  -  - 

Bastard  ilia.—- A  medium  cut  file  having  a  semi-dreular  cross  seotibife^  ^ 
Wood  ilia.— Similar  to  a  half-^und  bastard  file,  excepting  that  it  is 
out  and  is  used  exclusively  on  wood.  ^ -^ 

jnia.^--A  smaU  round  file  of  uniform  section  throughout  its  lengA  - 

fDe^T-A  smaQ,  circular,  ti^)ering  file  which  resembles  a  rat's  taiL         '  J^"^ 
nie^^-Ai^  file  having  a  square  cross  section, 
file  having  a  tapering  body. 
ilia. — ^Any  file  having  a  triangular  cross  section.  ^ 

n|»y  with  material  so  as  to  leave  no  space  empty.   An  embankment 
ilniftinait.    Any  hulroad  embankment. 

|i|Me  'tiie  sole  function  of  which  is  to  fill  up  q>ace.    Anything  that  aerviel 
^ii^av^aeani^. 

ring  placed  on  a  pin  between  connecting  membera  to  keep  tiMm  hf^ 


I  i 


^ /,•=***; 


'•-^i 


•*Pki*e." 


^1. 


'■r 


1964  BRIDGE  ENOINEERINO  Chapter  LXXI 

FiOet. — ^A  plain,  narrow,  flat  moulding  in  a  cornice  or  a  comer.    The  rouxiding  of  s 

sharp  comer. 
Filling. — The  material  in  an  embankment  or  that  put  back  into  an  excavation. 
Back-filling. — Material  put  back  into  an  excavation  around  a  pier,  pedeAal,  or 

abutment. 
Filling  Pile.— See  "Pile." 
Fin. — ^A  thin  projection  on  a  surface  of  a  casting  caused  by  the  imperfect  oonUrt 

of  the  two  moulding  flasks  each  containing  a  part  of  the  mould.    A  small,  tliic 

projection  on  the  rolled  surface  of  any  metal,  especially  at  the  edges  thereof. 
Final  Set— See  "Set." 
Final  Set  of  Cement— See  "Set." 

Fineness. — The  relative  size  of  the  particles  of  cement,  sand,  or  other  materials. 
Flne-pdnted  Dressing. — See  "Dressing." 
Fine  Sand.— See  "Sand." 
Finish. — ^The  condition  of  a  surface  after  the  final  work  upon  it  has  been  performed. 

To  complete  anything. 
Cement  Finish. — A  finish  made  by  using  a  cement  coating. 
Float  Finish. — A  finish  on  cement  work  made  by  floating  grout  over  the  surface  with 

a  straight  edge. 
Ground  Finish. — A  finish  made  on  an  object  by  grinding. 
Indented  Finish. — A  finish  made  on  cement  work  by  running  an  indentation  rolkr 

over  it  while  soft. 
Machine  Finish. — A  finish  on  metalwork   made   by  turning  in  a  lathe  or  {dsning 

in  a  machine. 
Planed  Finish. — A  finish  produced  by  planing. 

Rough  Finish. — The  finish  which  is  left  by  the  original  forms,  moulds,  etc. 
Troweled  Finish. — ^A  finish  on  cement  work  made  by  troweling. 
Finishing  Stake.— See  "Stake." 
Fink  Trass.— See  'Truss." 
Fire  Brick.— See  "Brick." 
Fireless  Locomotive. — See  "Locomotive." 
First-class  Masonry. — See  "Masonry." 
First  Cost— See  "Cost." 

Fish. — ^To  join  two  beams  by  fastening  long  splice-pieces  to  their  sides. 
Fish-beUled  Gfa^er.— vSee  "Girder." 
Fish-belly. — The  form  taken  by  some  girders  or  trusses  where  the  bottom  flange  or 

chord  is  convex  downward.    To  swell  downward. 
Fishbolt.— See  "Bolt." 

Fisherman's     Bend.— A     knot.       See     "Knot." 
Fishing. — The  act  of  uniting  two  parts  by  clamping  them  between  two  short  pieces 

which  cover  the  joint. 
Fish  Joint.— See  "Joint." 

Fish  Plate.— Same  as  "Splice  Bar."    See  "Bar." 
Fitting-up. — Assembling  the  different  members  of  a  structure  and  connecting  them 

with  bolts  preparatory  to  riveting. 
Fitting-up  Bolt.— See  "Bolt." 
Fitting-up  Clamp.— See  "Clamp." 
Fitting-up  Gang.— See  "Gang." 
Fixed  Bridge.— See  "Bridge." 
Fixed  Charges. — The  annual  expenditure,  in  connection  with  a  structure,  which  remains 

the  same,  or  nearly  so,  regardless  of  operation.    Generally  refers  to  the  interest 

on  the  bonded  indebtedness. 
Fixed  End. — The  anchored  end.    An  end  of  a  girder  or  stmt  so  firmly  connected  as  to 

prevent  all  motion  in  the  vicinity  of  the  end. 


wnr^.w 


-   ^    r 

"V-  ' 


.^^ 


u 


i» 


The  cnunon  oantn  of  pmvifgr  of  »iy«laB  cibadfaL 


'< » 


it 


>9 


''Span."  ,*j;e 

of  tba  jpiJiieqMl  Umgitiidiiml  moqabcn  of  a  girder  whidi  leiiil  tiislilii 
eoinpreeiion,  iko  iometimes  eafied  the  vppn  wad  loiwer  dioids  ol mheaeBL'T^^' 
edgBi  linii  or  nb  on  anything. 
Ilnge.— The  Up  or  projeetion  on  the  Imo  of  a  wheel  aeting  as  4  gaUii^ 
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''Ani^" 
''Coupling.'* 
"Joint." 
"Hate." 
"Rail" 
"SpMoe." 

"Unkm." 
tooth).--See  "Tooth." 
bme  ae  "Check  Valve."    See  "Valve." 
"Angle." 
pitim.—- The  temperature  at  whieh  esoaping  gas  wiU  ignite  moilienta^i^v 
. — ^Broad  atrqia  of  sheet  metal  used  at  the  joints  of  a  wall  so  as  to  lap  over 
chimneys,  etc.    Also  strqis  worked  in  under  the  dates  or  shingles  asmind 
.^janafon,  diimneys,  and  any  rising  part,  to  prevent  leaking. 

-The  upper  and  lower  oarts  ol  a  box  which  oontain  the  mould  in^  whioii 
nollen  metal  is  poured. 

-The  broad  side  of  angrthing.   Any  rectangular  iron  or  steel  bar  having  a  grealer 
width  than  thtdmess.   A  levd  stretch  of  groimd  near  a  stream. 
AielL— See  "Axch." 
Mir.— See  "Dolfy." 

"File."  -^ 

-A  rivet  or  boh  head  that  has  been  flattened. 
Bivet— See  "Rivet."  or 

"Rasp." 
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"Pidl^." 
"Scale." 
• — Causing  painting  to  have  a  dead  or  dull  finish  instead  of  a  gkxngr  one  by 
iilfaig  tuipentine  instead  of  oil  in  the  last  coat. 

"Fils." 
-To  swing  into  place  by  means  of  a  horiaontal,  subsidiaFy  tackle,  abridge  meodM 
w^hBia  it  has  to  be  picked  uprby  the  main  tackle  from  a  positkm  not  directlty  undar^ 
Iclljb  sanport  of  the  main  tadde. 

lisdUar-See  "Tackle."  i 

"Bond." 
"Brick." 

"Knot."  ^ 

^Lm§4    See  "Knot"  M 

"Jomt."  t 


•:a:/^'^fm 


PhpaiT  of  fflesore.— The  theory  accounting  for  the  stress  intensi^  and 
ift  a  beam  subjected  to  transveree  loading  on  the  assiimptiniis  #wii 
ili#it»  that  the  elastio  limit  is  not  exceeded  in  any  part^ol  ttebiisii^ 
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lor  Mqpporting  psnoMiit.     ' 

.'  OiHMVt9ltiKr^A 'floor  teflBii^iii 
CiBcrolo  floors — A  floor  made  of  odooMik-'  ^^'^^^^ 
CHnMirtod  Stool  flMPw—rA -floor  iMlm^ 
Motafliicod  Coacroto  9lior*-*«-A  flocir  < 
Sold  Stool  Floor.— A  floor  oon^iooed  of  otoil 

budded,  or  trou|^ i^biteB.  .    ..^ 

SMpondod  Floor.— A  floor  attadied  to  mitpmalUi 

Tie  Floor.— A  floor  laid  with  tfle.  ni  i^' 

TImbor  Floor. — ^A  floor  conoistiiig  of  tnnbol* 

IVoagli  Plato  Floor. — ^A  bridge  floor  (Byotem 

Wearing  Floor. — ^A  floor  exposed  to  the  tniflib.  <^' 

ci  a  double  plank  floor. 

Floor-beam. — ^A  tninsver^  beam  or  girder  i^boed  ai 

support  the  stringen  which  carry  the  floor.  .  ^  a  *■  fH.. 

End  Floor-beam. — ^The  floor-beam  at  tin  ebd.^ii'i 

Intermediate  Floor-beam. — Any  floor-beam  between 

Floor-beam  Concentration. — See  '^Ck^noeiitratioii."  >«<  ^/u,^*^ 

Floor  Bdt.— See ''Bolt.''  .  'Mu^l 

Floor  Glrder.--See  "Girder."  iir^t^ 

Flooring. — Same  as  "Floor/'  q.v.    Also  planks  used  in 

Dressed  and  Matched  Flooring. — ^Planks  that  are 

i.e.,  tongued  and  grooved. 

Floor  PUnk.— See  "Plank." 

Floor  Space. — ^The  area  of  a  floor. 

Floor  Spike.— See  "Spike."  ** 

Floor  System. — The  system  of  members  in  a  bridfa:' 

its  load. 
Flour  of  Lime. — See  "Lime."  ja« 

Flow  (of  liquids). — ^A  continuous  passing  of  a  liquid*   M 
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€oiivwt  to  a  fiqilid  ttiile  1^  meiM  cf  hflBi;  td  n^    ^  ■ wii wwy  iiiw        .1 

Hob/Ub  the  fonon  ci  miiMmli  or  metali,   Tbe  ftoeeM  ef  mMnf^  9mlilm^^^^^'^iM0 

"Wheel"  ^  *''^  *^^i^ 

BMMo—aeme  as '' jMMbiife  Bridae.''  flee  ^BMa^'*   ^        '-     i^*<^  i9»(^  f^^^^ 

-Aaj  oog  tiuKt  It  diif<0n  by  eaoChff.    A  taayowtfy  piece  ef  Jrfto^  it'^Ww^ 
Meboffe  a  pOe  that  le  to  te  drifea  b«lo«r Hie  laads  ef  the  pOe^rivW^^^  it^^  v;^^ 

''Block/'  .tkitS  !^«^i«*H:%r':^? 

>■•»                  ,                      ,  .,•.'■«•    i*  ^''^--i*    •■-  ;',..■..--'• 

.—The  qxreadfaic  ooune  at  the  base  of  a  foundatfcn.  -  '    >V'/  l:i»4)¥w-i   ^  .^^ 

Wictlag  -^A  foctoft  or  ipfead  bace^  under  a  eohnUL  ;    ^^fm^T^^   ii 

f^cihgi— A  looting  imdcr  a  pier.  ^^      .  ^   ,:)' 

"Ootnee."  •^'*'*  '4''t*lwu/^ 

^A  iDit  of  work  equal  to  that  in^ohed  by  the  iwhfalg  of  a  liMldbl'^tf^ 
;f0OBd  one  loot  hii^   Aln  used  ae  a  imit  of  bcndaig  raomeat^  iHd^ 
iqpMd  to  a  force  of  one  pound  muhqplied  by  a  lever  aim  of  one  foot.   IMc  Hilar 
«Blt  is  oilled  1^  eome  aikthorities  "pound4oot,"  qjf.  ii  !4 

unit  of  power,  or  rate  of  doing4ioik,  eqari  to  laiittt^lM^  jtt^lirt 
foot  higli  ia  one  eeeond.  ^^^^^ 

"IVm/' 
-A  ridewaflc  f or  pedestriana. 
wfaidi  movea  or  teoda  to  move  matter.   The  aetkm  between  taolioiBli 
jT'CUhfff  eaaaing  or  tending  to  cauae  change  In  their  relative  rest  or  motki^    -' 

Perce.— The  reaction  of  a  body,  due  to  ita  inertia,  againat  thil^ler^e. 
i3:liiia|Lla  epHwngit  to  deviate  horn  a  atrai^t-line  motion  and  to  traveling 
l^itib  A  letittoiM  force  apparently  balancing  the  oentral  foroe. 

L— A  foroe  pulling  a  body  toward  the  centre  of  irOtatkm. 
tjPlewae^    Forcee  in  which  the  linea  of  action  intereect  in  a  commcb^oinly 
Perce.— A  foroe  which  produces  a  finite  change  of  motkm  in  alt  IndirihiHa^^ 

as ''BeaultanV  CA  w^    o^i        j:^ 

''Diagram.'*  ^«^V'^ 

"Ftolygon.'* 
^'Ftoip."  '        ■  ♦    ^ 

"Trian^'* 
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Peeee^— Same  aa ''Internal  Streae."   See  "Stress.' 
•r  Foreea.— See  "PamUekigram  of  Forces  " 


M 


■.^.  li- 


♦T---1 


.f  ■<•.' 


"^^  Itiu  ji^iilillinl  V- .^', ':  :j.:-^;-^ 


\f% 


-.  '  -vu 


.^•iii.iiiiii!.iiimii%-i 

HM  9MiA^-r4  MDflfl  tel»  ttWd  CoT  ki#ii 


»ail.v''i' 


:^^"/,-:^ 


3NN-::>pv 


*  s" 


iUtt 


'^A 


"Iron." 
f||r-«ee  "Pig." 

fllHf.— A  ihop  In  wWA  fiillijii  iw  iii<i|i<^ 
iMglilC^— The  ptoeeti  ol  wdtting  in0^4»  itii/^ 
iMMUMffiQg.  AIki  tlw  iitiolB  iQidb.li|K 

Mlp  vlff|BIC^--*A  fOtglBg|iraiMOBavgF'i^ 

IWM  IMiL-«M  ''Dim." 
IMni-eBd*— The  end  ol  a  bar,  wmAt 

two  or  more  prafeetiiig  parts  Ifte  tlw  tiiiiei4i(#: 
FMcad  Wniidu— See  "Wraneii.''  T^i^ 

Vom.— A  shape  or  mould.    A  tgnra 

wooden  or  metallic  struetiire  for  gtving 
FonBsr.— A  device  for  gjviiig  a  partioiilar  rfiapo  %e» 
Foriniiii  Iran.— A  blacksmith's  swage  blook. 
Fdnnnla.— Any  general  equation;  a  rule  or 
EmpMcal  Formnla.— A  formula  perlaning  tfltdi-i 

ments. 
'  Batkwial  Formula. — ^A  formula  derived  tram 
StraWht-lfaiA  Formnla.--One  of  the  sevctal4gffM# 

resistance  (^  columns.    In  this  type  the  relirtiaia 

its  length  divided  by  its  least  radius  of  gyration  o^ 

line. 
Foondation. — ^That  portion  of  a  structure,  usuaQy 

which  distributes  the  pressure  upon  its  wapgm^ 

material  itself .  ,j^,^fi!^, 

Pile  Foundation. — A  foundation  fonned  in  nol^mSL^i$t\ 

depth  which  will  give  them  the  requisite 
Spread  Foundation. — Similar  to  ''Footing,"  qjo, 

cylinders  for  piers;  the  spreading  being  done  afbar^llli' 
Foundation  Bed.— See  ''Bed.' 
Foundation  PUe.— See  "PUe.'' 

Foundation  Pit.— See  "Pit."  1*^ 

Foundry. — An  establishment  or  plant  where  metals  am 

Iron  Foundry. — The  place  where  iron  c^stingps  are 
Fox  Bolt.— See  "Bolt." 
.Foxtail. — A  thin  wedge  inserted  into  a  slit  at  the  lowe^ 

pin  is  driven  down  the  wedge  enters  it  »"d  causes  iti 

firmly. 
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^  ipHi.   A  pmrlU  oir  tirlal  m^pun^m  61  pum ictm      "^^' 


'-'WUB'^P*  ^WM^^^H^™^,  ^fl^'«  •B^fl'^^^^^w 


■^.— a.«^y*^   .*f,;^u:,j^^kdSiiii^ 


A  ■htuqHKvmled  or  tbaiiHXiniared  foelimi    ..    v  i :  ^ *r~^^7rl\- 
ekMiiei  iBlo  ^ohiniQB  aboii^  m  the  «MiiiMi 


fkaiiwpii*— A fraofciBpe ahcrwiag  Aelkdiipid ditiPtMinMi  *'  v.^-: •  /ir^^^^iKf 

n«etv#.--AfinMtiii«]mfiiig^«^  /-r^/V 

>•— A  tenure  in  the  diape  dl  a  cup.  ^     r  ^-,;>vh^ 

lirMtare.^A  teotnre  tiiat  ahowa  the  faiokeni  ends  oC  ^iml  •  v        ..n.^*  >^ 

finelniied — An  extraodely  imeren  iractme*  ^  ,  .    ^<ii(r:^b 

nMtv#.--A  fnwtuie showing  a  ijkifl^y  nirf^  ;  .  ;.>  i.it^.^/^^^ 

n«etv#.— A  fraioture  either  without  any  proiections  or  havmg.iriiQr  |«Kifi§ 
them.  I  ■   liv"*' w-.ufy'.v-^ 

JSedioiLr-See  "Section."  *  >(  :^.v;-if^v 

The  eustaming  parts  oC  a  structure.    FFsmework.    An  instnuneiit  Jot  %oHiHif 
or  supporting  thin^i^  as  the  frame  of  a  hack-saw.  :i'rr).!l  / 

|M  itaiMr-*Theiraine  on  which  the  hed  of  an  engine  vests.  '^  -..Jiit^jA- . 

finm  Wnmeu—A  transvene  bracing  frame  between  stringers.   Also  tefined**  ^'BiMli^ 

•—An  iron  bamrow  used  in  a  foundry. 
ftaiaiar-A  frame  with  a  padded  doth  back  and  a  i^aas  £rQiit»  nsed  »tiii 
jpipcess  of  making  bhie  prints. 

Pkame.— Same  as  "Roller  Box."   See  "Box."  >rrM 

ffkame.— A  iramewofk  aiiq>porting  a  whed  or  wheels.  .  :;>'  -    ^  ri 

Beirt^-See  "Bent."  ^    - 

HMga.— See  "Bridge." 
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tJHsgniM.    Sen  "Diaflram." 

"TresUe." 
"Pulley." 
open  structure  supporting  anything.  >.i''«    I 

eirttiag  and  shaping  of  timbers  which  fit  together  to  fogm  a  faamesiqrk. 
GUhMi<H9ee  "ChiseL" 

•-rAlnethod  that  consists  in  concdving  a  body  or  a  portion  thtiiiif 
imlaledfromanothflnwhiehactinany  way  upon  it^tho^ 
I^jImn^  as  so  mapy  forces,  known  or  unknown,  in  amount  and  posttaon. 
eipansien  end,  or  the  end  that  is  free  to  more  or  to  rotate, 
"lime." 
JflpmmBi  .  A  process  for  freeaing  earth  that  is  thoroui^  saturatedl  vwjth 
1^  means  of  a  freesing  mixture  forced  into  tubes  by  an  ioe-making  maohlne. 
ri^ewaD  of.  earth  is  frosen  sufficiently  to  withstand  the  external  ftessiife, 
fgnm^km  then  can  proceed  as  in  dry  ground.  r.  a 

"Locomotive."  •        •    *  ^ 

to  the  relative  motion  sliding  or  rolling,  of  surfaces  of 
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iilftMisa^i  Same  as  "  Ani^  <rf  Rq;KMe,"  q.v. 
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if  Mellon*— A  numerical  quantity  equal  to  the  ratio  of  the  Jrfoliinial 
In  Ihe  normal  pressure  between  the  bodies;  ^,  in  other  wionfis,  rlHiiA« 
;ol  the  angle  of  repose. 

resistance  to  rotation  diered  by  the  surf aee  of  the  IsHMillg^.^ 
a^b  or  journal  ,•  in  ^^j: 

nuMitanfifi  offered  bv  a  surface  to  tmnAhtm  anrfiaiis  Irfittaiif 


■  -^■<-- 


^^^SffSli.^ 
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ft.'A.->&^^M>j 


;^?«< 


«..»^- 


fttiiiw.— That  iddflii  fa  fcil  q|  >ditt| 

^  tqiper  ptfl^  iiifihMHm  tfie  Tarlca^  |gr  H 
bi(n. 
FUkraskr-^A  phrot  point  of  iuppoft»  Hm^ 
NiMrir— A  ipeoial  blook  wkh  a  itNiiidinf 'iil9^ 

metab. 
Frit  SpVeer-See  "Sjplioe."  ^^ 

FnwIiMi.— A  mathonatical  quantity  '^MSk 
ci  other  quantities  that  are  oalled  the 
function.  .^  *c>t 

TirlfoMMnetrle  Fmetfons.— Certafai  funotioM^f 
such  as  sine,  oosme,  tangent,  or  their 
Fuiiadar  Polygon.-^9ame  as  "EquHibriuin 
Furnace.— A  structure  in  which  a  fiie  is  maintiittsi 
or  ores. 
Add  Open-hearth  -Fnmace. — ^A  furnace  used  <la 

hearth  Steel.    See ''Sted." 
Annealing  Furnace. — ^A  furnace  in  which  the 
Asphalt  Fnmace. — A  portable  furnace  in  whiok* 

in  roofing  or  paving. 
Assay  Furnace. — ^A  small,  simple  form  of  funiaoe 

cupels. 
Balling  Furnace. — A  furnace  in  which  the  fagots  4tl 

preparatory  to  working. 
Basic  Open-hearth  Furnace. — ^A  furnace  used  in 

hearth  Steel.    See  "Steel."  t* 

Bessemer  Furnace. — A  furnace  mounted  on 
direction  and  having  air-blast  connections 
verting  pig  iron  into  Bessemer  steel  by  a  proesM 
Blast  Furnace. — ^A  furnace  used  in  smelting  iron  ova» 
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in  wluflii  the  bettth  is.faqpoiMl  to  theaetioii 
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ItffgwiwriilwM  n^rlHiMr-^  op0ii4iw^  wimg 

•    wb  MxangBd  that  the  ^m  is  ooddnBtod  t&  t)ie  hMrtli'  tvn^ 

^  filled  with  xecMiot  brides  stn^ked  to  icnn  an  open 
enteni  the  fmnaoe,  it  is  miDgMf  sot  proper  proportiQiMIt  inlli:;aii^ 
BO  that  copq>lete  crnnbnstkwi  is  prodoeed.    The  eaoapAiglMipt  gMHi 
tfaioQi^  •  SQOond  pftWajfr-way  ffiied  with  faciebi,  ifUoh  abeoi!^  wull  of 

Is  led  into  the  fmnaoe.  vm 

lleMriMnlorjr  Ftaiaee.---A  iankaoe  haVing  i^  vaulted  oeifing  iHoflb  dif  iajil  ll|'^ 
Mid  heat  towaid  the  hearth  where  the  ore  is  tar  be  iomi^-ii^iviii^ifm^ 
^^|nimtheorib]rikOQiB4witii^  .,.   .    «v    ji^^ 

fynMMPe.r^  fbmi  oC  puddliiig  fumaoe  ia  whicA  tfa»iieiBrll|  ii^eiidi^ 
JR,|^T»ftieal  or  #  horiaantal  plane  in  order  to  asnst  in  nta(iP^aai\1k»mibBlkii( 

A  pieoe  plaoed  upon  another  that  is  too  low,  meiilgrto 
db(^  a  required  )enraL 

'anelt.    A  akrw  burning  match  used  ta  ignite  in  esplorfv^  iiMbni^pii^^ 
^dgmainite.    Bgr  burning  scxme  time  it  enables  the  maa^Ui^iliQgliiil^fi^^ 
out  ol  ite  wiQr  before  the  tesf^oskm  ooouii.  *'^}^'    ;^^1^ 

'tmt^'^A  detonating  fuse  whidi  is  eqikxM  bgr  impiUst.   >        >   j' ir^i* Av.'     ^t; 
as '^Fuse,"  0.9.  -^r^^^^     ^    ^;)^ 

shiip  pobt  mi  a  stod  rod,  spear,  pHoe  pole,  or  stake.      .         v       . ,  7:>»««t^ 
>-?in  ^luanying,  the  drtDing  of  holes  for  taking  out  dimenslBm  stons 
r— The  drilling  mai^hine  used  in  gadding. 
"SteeL" 
sleelor  in»  hook  without  a  baib,  provided  with  a  wooden  lumA^iiiiJr^ 
banl  in  objects  that  have  fallen  oveiboard  fhnn  a  vemd.   To  hook  or  d^iigbi^ 
00.  .■'   .    )  t:lAi 

tUka  flamcins'Tieff"  •     ->  '^^^fJ 

as  "Gauge,"  9.9.  '• 

moulder's  UxA,  used  to  lift  sand  from  a  flask  in  moulding.   ■      -  ""^'^  -^ 
"Pwes." 
JSweesaSi    T3be  prooess  of  bending  structural  diapes  in  a  gag  press. 

beveiled  ehoulder  on  the  end  of  a  mortised  brace  for  the  purpose;  of  i^irihg 
nsistanoe  to  the  slioidder.    To  make  progress;    To  mi^  gtoovesMoir 
In  timber. 

of  cutting  grooves  or  mortises  in  tindbera. 
•An  apparatus  that  does  gaining, 
unit  of  capacity  fcnr  dry  or  liquid  measure  containing  tl81 


*r.x" 


^$> 


-v^ 


'A 


..-si^ 


■'^^ 


>  - 


?of  ttmbem  consisting  of  two  uprif^t  posts,  or  props^  and  a 
|heir  tops  and  cantilevered  out  from  the  posts.    Its  funetian  li  1||| 
ofeieets    generally  tempamity. 
frame  of  a ''Qallows,"  9.9. 
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'■■--'- 


■■.*.»■ 


vimi^'^^'  ^ 


•51$^^  >■>; 


S^0m^- 


"Owe."  .  /■'.■ir^i;' 

"lit**!'**'  •.<-•■..»  ^  ,-jc 

irate  pifMi  aod  Steam  pipo^  in  iMiB^ 
to  obiiiii  a  tii^  joiBi.  '.>t<<d^ 

GMl1»e.r-43ee"Fipe." 

€ili.<-*A  moviUe  banrier.    In  e§tMa§f  ptm 

tfae  sand  for  the  moHoi  oMtal  to  'Ikm 

oC  metal  cast  in  the  gate.   A  ndfe  In  • 
AntumaHf  Gate^-^In  bridgeiPogk»  it  iMi» 

matically. 
Gate  Blodk.--Same  aa  "Snatch  BkM^"  See'' 
Gate  ValTe.--See  <' Valve." 
Gange  or  Gage,— A  atandaxd  (d  meaame.   An 

ci^Musity,  quantitieBy  or  forqea.    A  ataadael  «i 

rivet  lines  in  structural  shapes.   The  dfataiiea^ 

of  the  rails  in  a  track. 
Ak  Gauge. — ^A  dial  on  an  air  maiihine  niiioii 

usually  in  pounds  per  sqfuare  inch. 
DriU  Gauge. — ^A  gauge  for  determinii^  the  ani^iof 
Hand  Gauge. — ^The  ordinary  wooden  scratch 

o£f  a  line  parallel  to  the  edge  of  a  board. 
Hydranlic  Gauge.— Same  as  "Hydraulic  Indionter/^ 
Aficrometer  Gauge.— Same  as  "Micrometer  CalqMB.^ 
Plate  Gauge. — ^An  instrument  for  measuring  the 
Pressure  Gauge. — ^A  gauge  which  indicates  the 
Standard  Gauge.— The  adopted  standard  dMtMBSs 

balls  of  rails  in  a  track;  equal  to  four  feet  eic^t  wbA 

established  by  agreement  between  all  oi  the 
Steam  Gauge. — An  instrument  for  determining  and 
Tide  Gauge. — ^A  device  for  indicating,  and  m 

the  tide  at  any  time. 
Track  Gauge. — ^The  distance  between  the  treads  id 

for  measuring  or  laying  off  that  distance. 
Wire  Gauge. — ^A  tool  for  measuring  the  diameters  of 

metals,  also  the  system  of  sizes  and  numbers  for 


-^'  •  :'^'^*f  ^^1^^?^^??^ 
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rJ^Y^^^PflJT^.'  1^7'^  ;w^_-  ;^^.v  _- 
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'••^      ■-'r. 


iV^i  Gwr-^An  inteqnMdiftte  gear  wlied  niimiiig  kioaely  on  Ha  awn  iiii0Bi^*^0mi 
4o  eonvigriiidtkm  firdm  one  wheel  ta  another,  all  tiuree  beLog  nptm  iMIiliiBt 


ti'  i 


fejbwifMftiGeafif— A  crude  form  of  toothed  gearhig  uaed  for  skyw-moiring  ttaittMryj' 
,/  aladi  aa  ontfieB.    . 

Gear.-— A  mechanwrn  which  locks  a  movable  sptok  when  cloaed. 
^mttu^A  pair  of  beaded  gears  in  which  an  element  of  the  conioat 
WOadm^  makea  an  an^  of  forty-five  dogixscs  with  the  axis. 

^Gianbr-49ame  as  "Cast  Gears/' 9.9.  ^^    / 

G«ar*— A  gear  wheel  having  sharp-pointed  teeth,  noBHqnmoelriiil  ibSoi 
Hnei  leaning  away  from  the  direction  of  rotation  so  as  to  engage  a  jpawi 
oatohes  on  the  tooth  and  prevents  backward  motion. 

as  "Idle  Gear,"  g.©.  ■ 

-A  gear  having  teeth  airanged  spbrally,  so  as  to  merii  with  a  wonaJ 
GaUTd    A  gear  idieel  made  in  halves  for  convenience  in  mounting. 
.  GMr<r— A  gear  having  teeth  arranged  around  dtinr  the  ocmeave  er  tOttVte 
^Vl|iP^^*^^><^S^°^^^^  ^^  ^  ^®  directaon  of  a  radial  plane  paaiiof  llHNivlfllh 


-fiiaar^— A  form  of  gearing  in  which  each  tooth  or  cog  on  Hhe  face  of  ^^^fceel 

bjr  a  series  of  smaller  teeth.  i 

r«(Ctenir-The  tearing  or  shearing  c^  of  the  teeth  of  gear  wheeto  i^ 


gear  wheel  having  special  oblique  teeth  which  medi  witli  s%Mii« 
-See  "Locomotive." 
Itain  of  gear  wheds.    A  general  term  for  the  parts  of  a  macUlii 
taken  ooQeotivdy,  which  transmit  motion.  <    ^^'Al 

|y^Wheds  wUch  make  loDing  contact  and  tnwopit  laO^ 
between  their  suKaoes.  :^<    '  -ii^^g- 


r.Vj 

"  I 

-  ■.< 

'rt 


TIm*  aet  of  iiadgmg  dMamos,  hc^^ 
egni^iisr  iBstnuDenti.    Aaeertainiog  the  vohmw  «f  ititaliiiie  «f  a  s#sifeirii; 
^*Gaiitary,"  e^k  -^i 

wiieel  havhig  teeth  on  its  per%ihay  or  tmot.    A  i^ece  cf  ttie4baiiiift<«l^ 
teaaimHting  motion.    To  fit  with  geaia.    To  oonnlaet  one  part  of  a  *****'*«'^ 
I    at wUl with anotheir.  >   s'-ji* 

llBidl  GfMMEA.-^^^     having  teeth  anranged  around  the  eitaiveix  aiitiiie  el  ib^'MM 
^    lAed  in  the  direction  of  a  radial  plane  passing  throui^  the  aatli  tif  the^oii^;:  v '- ' 
CM  Geanu— <3ean  made  by  casting  and  not  cut.  <    >fn>i>i.> 

^Cfeain  Gev«— A  device  for  the  transmission  of  motion  by  mens  of  %  dutm^agigii^ 
t  . Hie eo8i  or  spiocketa  d a  wIieeL  t-.^^iPi^ 

,^(Mcal  G««r^— Same  as  "Bend  Gear,"  fjp« 

V  OH  Geats.— Geaia  in  which  the  teeth  are  cut  by  a  machine  sb  as  to  m«tt  kioiiiU&ti^. 
i'C:  ^  eontnnlistinction  to  cast  gears  in  whieh  the  teeth  are  fiot  maddtted*      --^nyi^ 
Ifsriartaf  Geeta.— A  oombinatkm  of  gean  by  which  a  (fifomtial  iiieiiaf»# 
pcodiioed.  '  hi^'^Vn> 

jf»hlH  Geaie,'— Those  geaia  which  drive  other  gjears  or  mechaniiimii.  •'-?> 

pBMHliie  Gear.— A  gear  wheel  mounted  with  qhaft  out  of  centre.  ^^^'^^ 

|^|f)^ii|tai  Gearv— A  toothleai  gear  wheel  transmitting  power  by  means  of  Msltti^ 
i^rr  vbetween  its  pei^hfliy  and  that  of  the  whed  in  contact. 
'Wbmi  Gev*— A  hand  mechanism  for  opening  tiie  valves  of  a  steam  eoidSie  fa 
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Hi-^'f'STft*'^ 


^ii} 


W1 


'■..I 


f-; 


r:tli^ 


''  ''tt|ft  or  hkm  ]on|(  lioriMiM' 


LM> 


t--^] 


witib  bloeks  and  tedde  for  niiiQg  wttfiiA: 
Qbt  Fife  I>«ilck.-^9ee  "DmiUt."         •      .i  .r^A 
can  IMkfe.— See  "Tackle." 
Gtai  1>fe  IkfHciu--«ee  "Dmidt.''     .  i^i 

GMkr.— A  beam  or  oompound  etnitftoro  aellig^ 

voee  loads  which  develop  nocmal  nael$aMi> 
ArdMd  Girder. — ^A  gixder  which  is  ea%  h^ak^mL.^^ 
BewaMag  Girder.--A  ginkr  enffwiating  of  •  fllM^j 

tension  member  airanged  aa  a  chord  iSMl 

rods.  ,':  !<t^ 

Boi  Girder.— A  type  of  girder  having  two  wdU^ 

made  up  oi  plates  and  angles  riveted  togeAar 
Built  Girder. — ^A  girder  made  up  of  atnictural 
Cfamlar  Girder.— A  girder  built  in  the  ahape  of  H 
Compoond  Girder. — Same  as  a  ''Built  Girder/V||jk 
Concrete  Girder. — A  girder  built  of  concrete  and 
Contlnnoiia  Girder. — ^A  girder  with  more  than  t«iO 
Crane  Girder. — ^A  girder  either  stationary  or  movaUil. 
CroflB  Girder. — Any  girder  passing  across  a  bridfa 

to  anoth^,  and,  generally,  perpendicular  to  the  tniii 
Curb  Girder. — ^A  steel  or  reinforced  concrete  gMort 

forming  the  curb  of  a  roadway. 
Curved  Girder. — Any  girder  in  the  shape  of  a  curva^A  (i^,^ 
Deck  Girder. — One  of  the  main  girders  oi  a  dedc 
Deck  Plate  Girder. — One  of  the  main  plate  ginkn  IHi 
Effective  Depth  of  Girder.— See  ''Depth." 


GMhr  or  If tlf  ihite  LMkaA  QMm*-^  bttlM  drflv 
ivKve  irab  pbioB  Willie  tlie  eentod  portiaii  ftf  m  mb^li^lie^ 
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XTjfJhif J    A  ctidfflf  oonipoHBd  cif  on  T  Btwih    * 
■^kim^A  liwtad  gbdor  kaving.  the  ivpor  «Bi  Umt  iaapr. 
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Oirdir.r— The  nudn  gkdor  in  a  itnietim  nmainf  fiaaM  t6^#il40ii|'^   -  ^^ 

lr<* Carihi^*-4tome i» *^Ltlieed QMer/^  -'^^^  '  '  ">^'  ^:^/i^vi^^){vi|i^^ -'•!!% 

A  ginkr  that  k  ovediead-*«HRieI|gr  Qioviiig<og|  i|l..rinffl#ij(|'-  '.'".-^-f^^ 
at  in  a  trarelmg  ciaiie. 
pMeg^-r-A  girder  biiilt  of  atroctiOTJ  phtee  and  antfee,  ,^  ,-^.,. 

CMer* — A  nder  bait  of  nlatei  and  aiMdoi  riveted  I  Mnlhflr  IhioiiililiBiL 
CMir.-rA  girder  or  beam  havhig  an  iron  er  eted  flata.  inmrM  beM^ 
modp^  beams  and  ligkily  bo^  » 

0iinier.--A  bufli-up  plata-ghjier  with  the  web  Ijrhig  hi  ^ 

to  the  ineide  ol  the  web  mendben  ol  a  tfuae  to  peoteet  "theee  mwnhtBpiii 
'el  :diiiflniMi!l  of  tniine.  ' 

jGMeti»    A  girder  en^iloyed  to  give  vertical  atiffaeiai  aa  hi  tha^ipMf  ^^)|. 
'  Mdgi.  -«'"  •'>«*<»;> 

linteL  '•  .    ^ 

Oi||er.----A  girder  built  in  the  (diape  of  the  letter  T.  :>  >  /  tf  t^^y 

lain^  used  for  a  ''Half-4hraiigh  Qiider."    dttM^  ijiliaiijm 

Iprder  would  mean  a  main  gilder  of  a  tubular  bridge.    Sse^^Half'^hwi^ 

aliilt#^A  gfad^  built  mainly  of  tbo^ 
lQMer.---8(MQae  as  "Croae  Giider,"  q.9. 
IGHitei^^A  girder  that  moves  on  raib.  '^  ^^ 

!f3Mer.---A  latticed  girder  having  a  system  ol  web  mendbeni  aB  lidiw# 


-  -  xjiy- 

-     '■»•   ••  ■.'  t* 
■         '    jL    »•  ■      -" 

•:^  -^  :*  .>•{ 


l?- 
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jQlpiii.    A  gbder  stiffened  and  strengthened  by  meana  ol  tna0iB||&  qjfi 

A  girder  having  a  latticed  web  system  forming  with  the  flangea 
essiifitial  features. 
jfl)i|<ts      \\  fiflh-bdHed  girder  that  is  used  for  a  tmn-table. 

A  latticed  triangular  girder  in  which  all  the  triangles  age  eq»llatilpl>> 

way  triangular  girder  is  spoken  of  as  a  Warren  Qhder.  -jv^  *>.' 

'♦Bridge."  *     'Hj^- 

•^Dog." 

^Guaid-«IL" 
fa  ''Gilder  Dog." 
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J^r^.  '^-m^f 
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r^*^^y 


■?;*'. .V' 


-J^^A. 


^r,- 


mw' 


^-     '> 


/!  V 


f-Vv^.f'i 


kitUkftaij 


'  C|[iMliMwip--*Aa  mm  or  ttAd'liilii 
'^'-  <tt>!Bhniiwit  to  ft  fliiimi  flf  '  1 
^  fiNMa  a  oiinoB  by  BMHii  of 

'.l  .*' 

p  •■  the  aBowaUe  wwft 
«  -  the  aDowabk  unit  rtraw  Mr 
a -i  a  ooDstant  dependiog  in  Mi 
I  -i  the  uittiqiixirted  length  <if4to 
r  ->  the  least  ndhie  id  gyiaUoB  la 
In  whidi  flexure  takes  plaoe. 
Gouge. — ^To  scoop  out.    A  chiad  with  a 
stone,  or  metal. 
Hand  Gouge. — ^A  gouge  that  is  oponated  tgr 
Handle  Gouge; — ^A  gouge  in  the  tem  el  a 
used  to  cut  metaL 
Gorernor. — ^An  i^paratus  consisting  of  two  baUi  e# 
an  upright  reyolving  axis,  so  arranged  aa^li^'^ 
and  in  so  doing  to  raise  the  radial  anna  and 
Grab. — ^A  mechanical  device  for  gripping  an 
Grab  Bucket.— See  ''Bucket." 
Grade. — ^The  degree  of  inclination  from  the 

To  arrange  in  order  according  to  siie  or  quaMlifti 
a  hill,  especially  by  hydraidicking. 
Break  in  Grade. — ^That  point  where  the  grade 
Sub  Grade.— The  bottom  surface  oi  the  ballaat  ei 
Grade  Crossing.— See  ''Crossing." 
Grade  Line.— See  "Line." 
Grade  Plug. — A  plug,  generally  of  wood,  driven 

elevation  of  the  cutting  at  the  plaoe  where  the 
Grade  Point. — A  point  of  established  elevation  to 
Grade  Stake.-See  "Stake." 


r^    i-ii^^ 


<^>N 


h-:5fcf^: 


V    •>: 


^-^  flBMill  mm,  lith  graduttked  IimmI  attadied  tebMligbl^^ 
iB6BBfaa%iMmuSLmiil»^  Used  In ftdi^ gnidw.;  ■''-'' V-'^f^'^  : 

sBidlflBt  mill  <i  miilit  qI  the  Edi^  q^^   tlM  tartan  flta^iito^^        j!^ 

rock  oomixned  of  miois  Jeld^MT,  and  qua^ 

Qwaiia,  or  Itaitard  Gwadte,  or  BoBatod  GmHa^-^flanMi  at  **^ 
•-—The  ohqniBigB  left  firom  granite  after  dreanng;  the 

''Maaomfy." 
"Scraenin0i/'  -  -^^IW:^^^^ 

of  any  granite  misEed  with  eement  fonnnig 
embfl,  ete»   Nowadaya,  any  ooncrate  eompoaed  of  flinty,  faanfl 
Willi  fland  and  eement  18  enoneouaiy  tormed  granitoid.  ^> 

k—Oontaining  or  bearing  graina  or  granuks.  ^i^;^> 

"Fraeture."  jra#V  . 

"Structure."  ' .  r^s^  ^  • 


»> 


n^i 


r  •• 


DiapaaL— See  "Diagram. 

•The  method  or  prooesB  of  aolving  probfema  by  meana  of  dfawing^Sattk    ^ 
Slatittk-^See  "Statioa."  - 

L  form  of  oarixm.    Used  for  lead  penciiB,  Itdirication  of  mfMlaitwfi^Him 
aurfacea  of  wood,  and  as  a  conductor  in  deotrieal  eooalnwtlo^  >  JUm^ 
aa  a  pigment  for  painta  uaed  in  struetural  ateel  woric«  ^^-r.  4  ;> 

Lend  CScapUte  or  Ptanbafo  Gn^Ute.-^9ame  aa  "Qra|dute,"  9.9.        "^ 
Faiat— See  "Paint."  .  ^    h  i ; 

or  Qrapnelr^A  mechanical  device  having  mx  ahna  dueled  like  wm  anahray 
to  pnup  thingi  in  deep  water. 

"Cement."  .  1^ 

-To  eaat  and  drag  with  a  grapnd.  -iv' 

>lni«ir--An  metrament  having  aeveral  iron  or  ateel  clawa  fw  hokiiag  telvtG» 

* 

_  MQta  of  rode,  occuning  in  natural  depoaita^  amaUaiMKl^ 
i'|ilB  IhR^  a  two  and  one4ialf  inch  iron  ring  and  large  enough  to  be  frtainat 
""^Ho^^lOaQieen.  .i^-^.^,   ^ 

"Concrete." 
"Sieve." 
inalniment  for  determining  the  centre  of  gravity  of  a  body, 
laroa  of  attraction  exerted  by  the  earth, on  bodiea  near  it.    WeiigK 
_  from  man. 

f ttapiflQrir— A  Une  pawning  throned  the  centrea  of  gravity  of  aueeeanve  eiement4 

r<iiabod^.  :.^ 

I^^Oiafllr.r-That  point  in  a  body  about  idiich  the  wei^bfta  of  all  the  varioua 

».    It  is  foimd  experimentally  by  balancing  on  a  knife  edigi.     r<  2 
^Qiaiily>--11ie  line  along  which  the  centre  of  gravity  would  niove,'if  ibe>b04f 
laildL 

^Any  vertical  plane  paaaing  throned  the  centre  of  gravity  of  H. 


^7  -' 


fm^\ 


» ratio  of  the  weight  of  a  unit  vohime  of  a  aubelance  t»lhe  wrii^^ 
of  Hie  atandard  aubetance,  auch  aa  water. 
>^Oolinm*"  \V..r:f.nY*' 

n  -  _     ■   -       .  ■ 


^^i 


■yp'^'''  ■■  v^^' :  1^?^->3»";^>:; . 


^T^'c-^a^r 


:.^^'f-  f-*--.      ■^. 


"Jofafc."     i 


-  'isf »1 


M- 


Mr?  ■   • 


^^4?:.^ 


.^f^'^^-c 


.  "'^ 


^'i?>*Sr. 


i-^-.«iii. 


'^ 


Alaixmr  wiio  Att  li  Hhi 
oolitndiBtinctkm  to  a  "8iii^4iii|^'' 

«  Jdnt." 
Grauid  line.— See  ''line.'' 
GnMl.-*A  mortar  oompoeed  of  Mttd^ 
that  it  can  easily  be  poured.   To  pour 
PMlaad  Cement  Grovt— <3rcNtt  in  iMA 
Grovtiiig. — ^The  pouring  of  groat. 
Grabbing. — ^The  removing  of  stumps  and  roots 

to  railway  embankments. 
Guard.— Any  part  of  an  appliance,  structure^  <iP 
injuring  of  persons,  vdiides,  ete.    A  hatUi'f^'^''^ 
Bridge  Guard.— A  timber  or  other  conatnaeiM|^; 
sunk  deep  into  the  ground  near  the  end  ot  a 
by  either  derailed  cars  or  badly  shifted  loidiBt;^^ 
Cattle  Guard. — ^A  device  consisting  usuaify  of 

a  railroad  track  to  prevent  stock  from  getting  «l 

Dust  Guard. — Steel  plates  placed  around 

out  dirt  and  dust.    A  thin  piece  of  wood, 

to  keep  out  the  dust  from  the  bearings,  and  to 

from  the  box.  :^ 

Hub  Guard. — ^An  angle,  plate,  etc.,  on  oomsn  o( 

materials,  where  vehicular  traffic  passes,  to 

rubbing  of  wheel  hubs.  u' 

Ice  Guard. — A  fender  placed  at  the  up-streaoi  eod 

or  else  to  break  up  the  large  cakes  into  small 
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Guard. 

Rerailiiig  Guard. — ^A  casting  or  device  attached  to  the  rails  near  the  end  of  a  railway 

structure  so  that,  if  an  engine  or  car  is  derailed,  it  will  run  back  on  the  track. 
Rope  Guard. — ^A  mechanical  device  for  ropes  running  over  sheaves  or  through  pulley- 
blocks. 
Wheel  Guard. — ^A  timber  or  iron  placed  on  the  side  of  the  roadway  of  a  bridge  to 
prevent  the  wheel  hubs  from  striking  the  truss  or  the  hand  railing. 
Guard-rafl. — Same  as  '^  Felly  Plank/'  q.v.    Also  the  inner  steel  rails  between  the  main 
rails  of  a  railway  track. 
Girder  Gnard-rafl. — ^A  street  car  rail  having  a  ball  wider  than  the  ordinary  rail  and 
with  a  slot  in  it  to  allow  the  flanges  of  the  car  wheels  to  roll  therein.    This  rail  is 
often  placed  on  curves. 
Inner  Guard-rails. — Guard-rails  placed  between  the  gauge  lines  of  a  car  track. 
Outer  Guard-rails. — Guard-rails  placed  outside  the  rails  of  a  car  track. 
Guard  Timber. — ^A  guard-rail  made  of  a  timber,  usually  dapped  over  the  ties  for  railway 

bridges. 
Gudgeon. — ^That  part  of  a  shaft  resting  in  the  bearing,  especially  when  made  of  a 
separate  piece.    A  metallic  journal-piece  let  into  the  end  of  a  wooden  shaft.    A 
metallic  pin  used  for  securing  together  two  blocks  or  slabs  of  stone.    A  cramp. 
Gudgeon  Pin. — Same  as  ^'Gudgeon,''  q.v. 

Guide. — Any  apparatus  or  contrivance  intended  to  direct  or  to  keep  to  a  desired  course 
or  motion. 
Hammer  Guides. — ^The  guides  for  holding  in  proper  course  the  motion  of  a  hammer. 
Guide  Bar.— See  ''Bar.'' 
Guide  Block. — Same  as  ''Guide  Bar,"  q,v. 
Guide  Chair. — A  device  resembling  a  chair,  used  as  a  guide. 
Guide  Frame. — A  framework  used  as  a  guide. 
Guide  Pile.— See  "PUe." 
Guide  Pin.— See  "Pin." 
Guide  Pulley.— See  "  PuUey." 
Guide  RaU.— See  "  RaU." 
Guide  Roller.— See  "  RoUer." 
Guide  Ropes.— See  "  Ropes." 
Guide  Screw.— See  "Screw." 
Guide  Tube.— See  "Tube." 
Guide  Wedge.— See  "Wedge." 

Guide-yoke. — A  yoke-shaped  piece  for  supporting  the  guides  in  a  machine  or  engine. 
Gun. — A  device  for  discharging  missies  through  a  tube.    Also  a  hammer  operated 
by  air. 
Air  Gun. — A  pneiunatic  riveting  hammer. 
Blow  Gun. — ^A  barrel  or  pipe  through  which  material  is  blown. 
Cement  Gun. — A  barrel  or  nozzle  through  which  grout  is  forced  by  compressed  air. 
Pneumatic  Riveting  Gun. — A  rivet  hammer  operated  by  compressed  air. 
Riveting  Gun. — A  riveting  hammer. 
Gun  MetaL — Same  as  "  Bronze,"  q.v. 
Gunnel  or  Gunwale. — ^The  upper  edge  of  a  boat's  side. 
Gunnysack. — A  coarse  sack  of  jute  or  hemp  for  various  uses,  such  as  holding  cement 

in  transit  or  to  contain  sand  for  revetment. 
Gunpowder. — An  explosive  mixture  of  nitre,  charcoal,  and  sulphur. 
Gunpowder  Pile  Driver.— See  "Pile  Driver." 
Gunwale. — Same  as  "Gunnel,"  q.v. 

Gusset. — An  angular  piece  of  iron  or  steel,  or  a  steel  plate  fastened  to  angles,  channels, 
or  the  members  of  a  structure  to  give  strength  and  stiffness  to  them,  or  to  connect 
them  to  the  construction. 
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GiMset  Plate.— Soc  "  Plate."  ' 

Guy. — A  line  for  bracing  the  top  of  a  pole,  derrick,  or  any  other  similar  fl^jpfunaiua. 
Guy  Derrick.— See  "Derrick." 
Guy  line. — Same  aa  "Guy,"  q,v, 
Guy  Ring.— See  "Ring." 
Guy  Rope.— See  "Rope." 

Gypsum. — A  chalk  formation  containing  the  native  hydrous  sulphate  of  calchim. 
Gyrate. — To  revolve  about  an  axis  or  a  point. 
Gyration. — ^The  act  of  revolving  or  gyrating. 
Centre  of  Gyration. — ^A  point  in  a  revolving  body  such  that  if  all  the  matt^'  of  tk 

said  body  could  be  collected  there,  the  body  would  continue  to  revolve  with  the 

same  energy  as  when  its  parts  were  in  their  original  places. 
Radius  of  Gyration. — The  radius  of  gyration  of  a  body  about  a  given  axis  is  tk 

distance  from  the  axis  of  rotation  to  the  centre  of  gyration,  and  is  equal  to  tk 

square  root  of  the  mean  of  all  the  squares  of  the  distances  from  the  axis  c^  rotatioa 

to  all  the  points  in  the  body. 
Gyroscope. — An  instrument  consisting  of  a  fly-wheel  so  mounted  that  its  axis  is  free  to 

turn  in  any  direction.    It  is  used  to  illustrate  the  dynamics  of  rotating  bodies. 

H 

Hacked  Bolt.— See  "  Bolt." 

Hacksaw.— See  "Saw." 

Haft. — A  handle  for  a  cutting  tool.    To  supply  with  a  handle 

Half-and-half  Joint.— See  "Joint." 

Half-hitch  Knot.— See  "Knot." 

Half-latUced  Girder.— See  "Girder." 

Half-pUte  Utticed  Girder.— S(m>  "Girder." 

Half-round  Bastard  FUe.— See  "FUe." 

Half-round  Rasp.— vSee  "Rasp." 

Half-round  Wood  FUe.— See  "FUe." 

Half-through  PUte  Girder.— See  "Girder." 

Half-through  Span.— See  "Span." 

Half-through  Truss.— See  "Truss." 

Halving. — Notching  together  two  timbers  which  cross  each  other,  so  deeply  that  the 

joint  thickness  shall  equal  only  that  of  one  whole  timber. 
Halving  Joint.— See  "Joint." 

Hammer. — A  hand  tool  consisting  of  a  solid  head  of  metal,  wood,  or  stone  set  crosswise 
on  a  handle.    Used  for  beating,  breaking,  or  driving.    The  part  of  a  pile  driver  or 
of  a  steam  hanmier  which  strikes  the  blow.    To  beat  or  to  drive. 
Air  Hammer. — A  machine  hanmier  driven  by  compressed  air,  as  an  air  riveUni; 

hammer. 
Axe  Hammer. — A  mason's  hand  tool  consisting  of  a  combined  hammer  and  axe 

on  a  short  handle. 
Ballast  Hammer. — A  double-faced,  long-handled,  hand-hammer  used  in  tamping 

ballast  under  and  around  ties. 
Blocking  Hammer. — A  hand  hammer  which  has  a  head  that  is  diamond  shaped. 
Bricklayer's  Hammer. — A  hammer  having  a  bent  peen,  used  in  brick  work. 
Bush  Hammer. — A  mason's  finishing  hammer  having  regular  rows  of  points  or  pro- 
jections on  its  faces. 
Bust  Hammer. — A  hammer,  used  in  riveting  work,  having  a  rivet  buster  on  one 

end  of  the  head  and  a  hammer  on  the  other  end. 
Claw  Hammer. — A  carpenter's  hand  hammer  having  a  poll  on  one  end  of  the  head 
and  a  claw  on  the  other. 
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iininer. 

Clevelaiid  Hammer. — One  of  the  numerous  makes  of  air  riveting  hammers. 
Clipping  Hammer. — A  chisel-edged  hanmier  used  for  clipping  stone,  concrete,  etc. 
Nowadays  air  hammers  are  so  arranged  that  they  can  quickly  be  converted  into 
clipping  hammers.   . 
Donble-foced  Hammer. — A  forging  apparatus  for  striking  on  opposite  sides,  as  in 

case  of  a  bloom. 
Drop  Hammer. — A  heavy  weight,  working  in  guides,  which  is  raised  by  means  of 

a  rop>e  or  cable  and  then  allowed  to  drop. 
Duplez  Hammer. — Same  as  "Double  Faced  Hammer,''  q.v. 
Electric  Hammer. — An  electrical  apparatus  for  working  a  rock  drill. 
Engineer's  Hammer. — ^Usually  a  two  faced  cylindrical  hand  hanuner,  though  some- 
times having  a  cylindrical  poll  and  a  triangular  peen. 
Flogging  Hammer. — ^A  very  large  hammer  used  with  a  flogging  chisel  for  chipping 

iron  castings. 
Fool  Hammer. — A  machine  hammer  operated  by  a  treadle. 
Forge  Hammer. — A  hammer  used  for  breaking  and  trinmiing  rocks. 
Friction  Hammer. — A  drop-hammer  raised  by  the  friction  of  rollers. 
Hand  Hammer. — Any  hanmier  which  is  used  by  hand. 
Helve  Hammer. — ^A  trip-hanmier. 
Holding-np  Hammer. — A  heavy  engineer's  hammer  on  a  long  handle,  used  in  times 

past  for  bucking  up  rivets. 
Lift  Hammer. — A  drop-hammer  of  a  pile  driver. 

Macliinist's  Hammer. — ^A  hammer  with  a  round,  flat  face  and  a  cross  peen. 
Mason's   Hammer. — A   square -faced   hammer   with    a   peen    in    line   with   the 

handle. 
Nasmyth's  Steam  Hammer. — The  earliest  form  of  steam  hammer — invented  by 
Nasmyth  and  Bourdon.     Its  essentials  are  a  steam  cylinder,  piston,  piston  rod 
carrying  a  heavy  weight  for  hammer,  pile  cap  and  a  frame  of  two  I-beams  holding 
the  parts  together. 
PfBane  Hammer,  or  Pane  Hammer. — Same  as  ''  Peen  Hammer,"  q.v. 
Patent  Hammer. — ^A  stone-mason's  hammer  having  knife-like  ridges  on  its  face, 

used  for  dressing  stone. 
Pean  Hammer. — Same  as  ''Peen  Hanuner,"  q.v. 

Peen  Hammer. — A  hammer  having  a  peen  on  one  or  both  faces.    See  "Peen." 
Pein  Hammer,  or  Pene  Hammer. — Same  as  "Peen  Hammer,"  q.v. 
PUe-Driver  Hammer,  or  Pile  Hammer. — A  drop  hammer  or  a  steam  hammer  used 

in  driving  piles. 
Plow  Hammer. — Same  as  "Engineer's  Hammer,"  q.v. 
Pneumatic  Hammer. — A  hammer  operated  by  compressed  air. 
Power  Hammer. — A  hammer  used  for  forging  work. 
Raising  Hammer. — A  hammer  used  for  deeply  dishing  metal  plates. 
Riret  Hammer. — A  pneumatic  or  hand  hammer  for  driving  rivets.    Also  a  light 

engineer's  hammer  for  testing  the  tightness  of  rivets  after  driving. 
Scabbing  Hammer  or  Scaling  Hammer. — A  hammer  used  for  loosening  and  removing 

scale  from  steam  boilers. 
Sledge  Hammer. — A  medium-sized  head  of  a  sledge  mounted  on  a  short,  thick  handle. 

See  "Sledge." 
Slogging  Hammer. — A  very  heavy  hammer-head  on  a  long  handle  used    in  past 

times  for  the  hand-driving  of  rivets. 
SpalUng  Hammer. — A  heavy  axe-like  hammer  used  for  roughly  dressing  stones. 
Stamping  Hammer. — A  small  hand  hammer  having  the  initials  of  the  firm's  name 
on  the  pointed  end,  used  by  timber  inspectors  and  the  like  to  stamp  material 
which  has  been  inspected  and  accepted. 
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Hand  Asa.— See  "Am.*'  A>r^ 

Haad-baolu— A  book  emitaining  atrootaial 

Haad-bffkk.— See  "Bride" 

Haad-car.— See  "Car." 

Hand  DrilL— See  "Drin."  ,  r^ 

Hand  Pkiat— A  wooden  or  metal  troiral.  :Jk$ 

Hand  Fhuiie.--See  "Frame."  .l.v.4^: 

Haad  Gauge.— See  "Gauge." 

Hand  Gear.— See  "Gear."  4 

Hand  Glaaa. — A  reading  or  magni^i^iqg 

Hand  Gouge.— See  "Gouge." 

Hand  Hammer. — See  "Haoaier.^  '    r^ 

Hand-hole. — ^A  hole  m  a  piece  oC  metal,  modi 

inserted.    Used  in  webs  and  diaphngW/aftfi; 

riveting  in  close  spaoee. 
Hand  Hook.— See  "Hook." 
Handle.— To  direct  or  control  by  hand.    That  pall 

be  grasped  by  the  hand. 
Handle  Gouge. — See  "  Gouge."  .  :> 

Handle  Lock  Sleeve.^See  "Sleeve."  « 
Hand  Level.— See  "Level." 
Hand  Lever. — See  "Lever." 

Hand  Line.— See  " Line."  :  i,f, 

Hand  PUe  Driver.— See  "  Pile  Driver.' 
Hand-power  Line. — See  "  Line." 
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Hand  Pmnp.— See  "Pump." 

Hand  RaiL— See  "RaU." 

Hand-raU  Cap.— See  "Cap." 

Hand-raU  Post— See  "Poet." 

Hand  Reamer.— See  "  Reamer." 

Hand  Rireting.— See  "  Riveting." 

Hand-6aw.— See  "Saw." 

Hand-0pike.— See  "Spike." 

Hand  Vise.— See  "Vise." 

Hand  Wheel.— See  "Wheel." 

Hand  Which.— See  "Winch." 

Hand-wrooght. — ^Worked  or  shaped  by  hand. 

Hanger  Pkte.— See  "Plate." 

Hangers. — Fixtures  projecting  below  a  ceiling  to  support  bearings  for  a  line  shaft. 

Also  a  hip-vertical  or  suspender  of  a  truss.    Also  a  tension  member  supporting 

a  floor  system  in  an  arch  or  in  a  suspension  bridge.    A  beam  hanger,  q.v. 
Beam  Hanger. — A  rod  or  square  bar  supporting  a  floor-beam  from  a  chord  pin. 
Spandrel  Hangers. — Hangers  extending  from  the  intrados  of  the  arch  to  a  longitudinal 

beam  forming  part  of  the  lower  roadway. 
Hanging  Bridge. — Same  as  "Suspension  Bridge,"  q.v. 
Hard-burned. — Overbumed,  a  term  used  in  the  manufacture  of  brick. 
Hardening  of  Steel.— See  "Steel." 
Hardle. — A  steel  block  having  a  wedge-shaped  edge  set  in  an  anvil  and  used  for  cutting 

heated  metals. 
Hardpan. — ^A  very  compact  layer  or  bed  of  mingled  clay  and  sand  or  pebbles,  or  one 

of  shale. 
Hard  Set.— Same  as  "Fmal  Set."    See  "Set." 
Hard  SteeL— See  "  Steel." 
Hardwood.— See  "Wood." 

Harmonic  Cnrve. — Same  as  "Sine  Curve."    See  "Curve." 
Harmonic  Motion. — ^A  reciprocating,  rectilinear  motion  in  which  the  space  described 

by  the  moving  body  or  point  varies  as  the  sine  of  time  angle.    Also  the  motion 

described  by  the  projection,  on  a  diameter,  of  a  point  moving  uniformly  in  the 

circumference  of  a  circle. 
Hasp. — A  clasp  that  passes  over  a  staple  and  is  fastened  to  it  by  a  pin  or  a  padlock. 
Hatch. — ^To  shade  drawings  by  equidistant  parallel  lines. 

Crosshatching. — ^The  method  of  shadowing  or  hatching  by  using  two  intersecting 

sets  of  parallel  hnes. 
Hani;  or  Free  Haul. — ^The  distance  within  a  given  limit,  set  by  the  specifications,  that 

material  is  hauled  in  construction  work. 
Arerage  Haul. — The  mean  distance  that  material  is  to  be  hauled.    The  distance 

from  the  centre  of  gravity  of  the  cut  to  the  centre  of  gravity  of  the  fill  in  respect 

to  all  the  material  moved. 
Total  Haul. — The  total  distance  that  a  material  is  hauled. 
Haunch. — That  part  of  an  arch  between  the  crown  and  the  skewback. 
Hay  Steel.— See  "Steel." 
Head. — A  top,  upper,  or  higher  part  or  place.    An  enlargement  resembling  the  head 

of  an  animal. 
Bdt  Head. — The  enlarged  end  of  a  holt  having  a  square  or  hexagonal  shape. 
Button  Head. — ^The  head  of  a  bar,  bolt,  or  rivet  having  the  shape  of  a  button. 
Capstan  Head. — ^That  portion  of  the  capstan  which  contains  the  holes  for  receiving 

the  ends  of  the  capstan  bars. 
Oiord  Head. — ^The  enlarged  head  of  a  chord  bar  through  which  the  pin  passes. 
Dog  Head. — A  round  headed  tool,  used  for  breaking  stones. 
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Bni  Yahe.— See  ''Vahre.'' 

"Watt." 
or  Clan  hmdmB^^-S 

Btoafft^— The  solid  oentnd  peri  of  a  tree 
For  Ceat  of  Heatt— The  ratio  of  tlie  ttm 

■ectkm  of  timber. 
Biac  Heart— A  deavage  along  tlieaiiiiaoeclatti 

the  heart  and  the  baik  of  a  trae.  ■-.  ^^ 

Heart  Beiid.-43ee  "  Bond."  X 

Heart  CanL-43ee  "Cam."  fi 

Heart  Check.— 8ee  "Check.'' 
Heart  Shake.-fiee  "Shake.'' 
Heart  Tle.-See  "Tie." 

Heart  Wood.-See  "Wood."  u   o.i 

Heat. — ^A  form  of  energy  manifeeied  by  the  motion  of 
Latent  Heat — ^The  amount  of  heat  abeoibed  or 

a  physical  change,  the  temperature  of  the  htai^ 
Heater. — ^An  apparatus  for  heating,  a  fumaee^  a  foqpq^l^ 
Heat  Teat  (of  Cement).— Same  as  "Boiling  Teat.*^  8i||f 
HeeL-^The  dip  of  a  barge.    A  form  of  moulding  in     "^^ 

or  rafter.    Applied  to  almost  anything  in 
Heel  Dolly.— See  "  Dolly."  -    ;i , 

Helicoid. — ^The  surface  generated  by  a  strai^^t  line 

and  moving  parallel  to  itself  along  such  axis  wlA^ 
HeUz. — ^A  curve  of  double  curvature  generated  by  a 

a  constant  radius  which  moves  along  the  azia  in 
Helve. — ^The  handle  of  an  axe.  -.*,  tn,\ 

Helve  Hammer. — See  "Hammer." 
Hemp. — ^A  species  of  plant  which  has  tough  end 

ropes  and  cables. 
Heneqnin  Hemp. — ^A  kind  of  hemp  which  grows 
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Hemp. 

Manila  Hemp. — ^A  very  fine  hemp  grown  in  the  PhiUppine  Islands. 

Sisal  Hemp. — Same  as  ''Henequiu  Hemp;"  q.v. 

Virginia  Hemp. — ^An  inferior  species  of  hemp  grown  along  the  rivers  in  the  Eastern 

United  States. 
Water  Hemp. — Same  as  "Virginia  Hemp,"  q.v. 
Hemp  Packing.— See  "Packing." 
Heneqnin  Hemp. — See  "Hemp." 
Herring-bone. — ^The  diagonal  struts  fixed  at  intervab  between  the  beams  of  a  floor 

to  distribute  the  load  on  one  beam  to  adjacent  beams  and  to  increase  the  stiffness 

of  the  beams.    Also  applied  to  a  course  of  stone  laid  at  an  angle  so  that  the  stones 

in  each  course  are  placed  side  by  side,  and  obUquely  to  the  right  and  to  the  left 

in  alternate  courses. 
Herring-bone  Dressing. — See^"  Dressing." 
Herring-bone  Work.— See  "Work." 
Hewed  Tie.— See  "Tie." 
Hexagon. — ^A  regular  six-sided  figure. 
Hexagonal  Nnt.-^ee  "Nut." 
Hick  Joint.— See  "Joint." 
Hicky. — A  purely  field  expression  employed  by  bridgemen  for  almost  any  contrivance, 

or  part  of  one,  which  lacks  a  specific  name.    Analogous  to  "thingumbob." 
Hiding  Power. — ^The  capacity  of  a  paint  or  painting  material  to  obscure  a  surface 

beneath  it. 
High  Bridge.-^ee  "Bridge." 
High  Carbon  Steel.— See  "Steel." 
High  Steel.— See  "Steel." 
High  Water.— See  "Water." 
High  Water-mark.— See  "Water." 

Extreme  High  Water-mark.— See  "Water." 
Highway. — ^Formerly  restricted  to  a  way  or  road  reserved  for  the  use  of  ordinary 

vehicles,  pedestrians,  or  animab,  but  now  it  is  often  used  to  mean  a  way  or  road 

on  which  an  electric  railway  aldo  runs. 
Highway  Bridge.— See  "Bridge." 
Hinge. — ^A  device  for  connecting  two  pieces,  so  that  one  may  turn  about  the  other. 

Joint  ffinge  or  Strap  Hinge. — A  hinge  having  long  leaves  joined  at  their  large  ends. 
Hinged  Arch.— See  "Arch." 
Hinged  End. — ^The  end  of  a  member  that  is  connected  to  the  rest  of  the  structure  by 

a  device  that  permits  of  a  shght  rotation.    In  contradistinction  to  a  fixed  end. 
Hinged  Johit.— See  "Joint." 
Hinged  lift  Bridge.— See  "Bridge." 
Hinged  Pin.-^ee  "Pin." 
Hinged  Plate.— See  "Plate." 
Hinged  Post.— See  "Post." 

Hinge-end. — ^The  end  of  a  piece  or  member  that  is  provided  with  a  hinge. 
Hip. — ^The  place  at  which  the  top  chord  meets  the  batter-brace  or  inclined  end  post. 
Inner  Hip. — ^The  intersection  of  the  inner  inclined  end  post  with  the  top  chord  in 

the  arm  of  a  swing  span. 
Outer  Hip. — ^The  hip  at  the  outer  end  of  one  of  the  arms  of  a  swing  span. 
Hip  Jofait.— See  "Joint." 
Hip- Joint  Hood. — A  bent  tie  plate  or  strap  placed  over  the  hip  to  keep  water  out  of  the 

joint. 
Hip  Knob. — A  finial  on  the  hip  of  a  roof  or  between  the  barge  boards  of  a  gable. 
Hip  Roof. — ^A  roof  rising  directly  from  the  wall-plate  on  all  four  sides,  and  so  having 

no  gable. 
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Hoiet— A  machine  for  lifting  wei^ite  or  le§% 
of  block  and  tackle  or  by  maehmwy 
Air  Hoiat— A  hdating  device,  uanailyeooi^^ 

operated  by  compraned  air. 
AwembMng  BUM. — ^A  hoist  for  lifting  and 

qMUOBy  etc.,  in  the  shop  or  yard  of  a 
BoUdera  BUM. — ^A  hoisting  ai^Miratus  in  wiUk 

are  mounted  on  the  same  bed. 
Cable  Hdiat. — ^A  hoist  in  which  cablea  windiag 

lift  the  load.  *  f^ 

Chain  Hoist. — ^A  hoist  in  which  chains  are  ivsd  ior 
Electrical  Hoist. — ^A  hoist  operated  by  an  dectrie 
Hydraulic  Hoist. — A  hoist  operated  by  hjrdraaUe 
Lerer  Hoist. — ^A  form  of  lifting  jack  employing  a  leinQf, 
Outrigger  Hoist. — ^A  hoist  supported  by  an  oatrigget* 
Pneumatic  Hoist. — Same  as  ''Air  Hoist,"  q.p. '        -  * 
Sand  Hoist. — ^An  apparatus  for  lifting  sand.  Mt>^ 

Steam  Hoist. — ^A  hoist  operated  l^  steam. 

Hoist  Bridge—Same  as ''Lift  Bridge."    See  "Bridge.^ ' 

Hoisting  Block.— See  "  Block."  ^hm 

Hoisting  Cable  Rope.— See  ''Rope." 

Hoisting  Crab.— See  "Crab." 

Hoisting  Engine.— See  "Engine." 

Hoisting  Jack.— See  "Jack." 

Hoisting  Machine. — Any  machine  used  for  hoisting 

Hoisting  Shear  or  Shears.— See  "  Shear."  I 
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pieee  of  meua  emvad  or  bent  00  as  to  oatoK  iir  giAb  rtrnftf^jJ  Tj^lifc 
iiold  with  a  hook. 

HiMk.r-A  laisB  hook  auqieiided  firom  the  diaiii  of  a  «nui^  tilai  &i 
imwiektf  bosea  and  matflriah.  r   r     ^^ 

H0dL--A  braai  or  iron  hook  and  a  qiike  fimd  to  a  Btatt  ^<^ 
or  puDiDg  a  boat  or  barge.  At  timai  oaUpd  a ''Qaflf-aeltae^'' ** 
Hook,"  and  a  "Hitoher." 

Haaicr-A  wooden  bar  or  terer  with  an  iron  hook  hiii|ed  •f^At^m^''^' 
::tnniing  over  hoMry  ttmbera. 

Hook.— A  hook  idiieh  grqis  a  link  of  i  dhain,  and  aerve^^aa'  «i  cid^  j^j^e^ 
Hook*-— A  strong  hook  or  a  wrendii^^  uaed  toa  peparatl^ 
»bar  of  iron  with  a  bent  prong  liaed  in  handling  k>gi  or  tbpbcr. 

"Dog." 

Hook.--See  "Dog." 

Bboka.-^9ee  "Dog." 

Hook.— rA  hook  fonned  of  four  large  fieh  hooka. 

Heok.— A  tool  lor  twisting  iron  or  ated  ban. 

Hook-Same  aa  "Lug  Bolt."   See  "Bdt." 

Haok^-— A  nair  of  hooks  on  the  same  aada  faoinn  eaoh  other  atfd  fiUnyc  fiinafilr 

ilher  when  in  use. 

Hook. — ^A  hook  on  a  pulley43look  opposite  the  beoket.  «    <    :  . ;  v 

ilDOfc*    Bee    Dog.  .  ■  i .  ■  i  • 

"Bloflk."  .,    „    ^   ,  .rJ 

I'tUH-    8co  "Hoh  "  .   .:; 

"Chain." 

"Joint."  .     .  ,^ 

Law.— This  law  states  that  the  defonnation  of  mi  elastic  body  ip  propofliQnal 
'In  the  foroe  applied,  or  that  the  intensity  of  stress  is  proportional  to  Ijbe  r|4o  of 
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dp  ■>  the  differential  intensity  of  stress. 
di  «  the  differential  of  the  rate  of  strain 
JP  «  a  constant. 
•The  eye  or  loq)  of  a  hook. 
Eeinforcing  bars,  b«it  into  a  circular  shape  like  hoops,  whidi  sunoundlilB 
reinforcement  of  compreesion  memben. 
i|mu|^  usually  shaped  Uke  an  inverted  frustum  of  a  cone  or  pynaM* 
whldi  materials  pass. 
^^BMiOr^A  boat  having  a  compartment  with  a  movable  bottom  to  reoejfe 
ft!  gm^  from  a  dredging  machine  and  to  discharge  it  by  gnkvity. 
"Brodng." 
"Clearanoe." 
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"CBn." 

r«— A  piBfttiflil  uiriil  of 
pomidi  one  loot  litfi  in  ine 
bImI  BKM90VPar  or  BmAdo 
iM  meaMired  at  the  Bywliiallif  ji^ 
ilfiilitiid  Hofficpomr  or 
the  aiea  of  the  pirton. 

m  "Bndce 
r.— -The  power   fa  i« 
kilowatte  and  reduoed  to  hofeepovrar  1^ 
ladJcalod  Hofaepower.— The  power  devA|lit 
as  detennined  from  an  hidkator  (iai^ain; 
In  poonda  per  equare  mch,  mohqilied 
the  piBton  speed  in  feet  per  mimitei  aad 
Nomhial  Honiepower.— 49aine  aa  " 
Real  or  TroM  Horaepowor.— Same  aa  '' 
Horaeehoe  BiToter.— See  "Riveter." 
Hbae, — ^A  flexible  tube  or  pipe  for  ooayeying %  Ikpli 
for  use. 
Air  Hbae. — A  hoee  for  oonveying  air. 
Canvaa  Hoae. — ^A  hoee  in  which  the  ooveringli 
Jet  Hbae. — ^A  strong  hose  used  for  jetting 
Bubber  Hbae. — ^A  hoee  in  which  the  oovering  k 

and  fabric. 

Steam  Hbae. — ^A  hoee  conveying  steam.  .  :..?f 

Snction  Hbae. — ^A  reinforced  rubber  hoee  running 
Water  Hoae. — A  hose  conveying  water.  ^  * 

Hot-box. — ^A  heated  journal  box  of  an  eoghiey  a 
Hot  Chisel.— See  "Chisel." 

Hot  Cutter.— See  "Cutter."  <    ^* 

Hot-pressed  Paper. — See  "Paper."  '^ 

Hot  Saw.— See  "Saw." 

Hot  Short. — ^A  condition  of  brittleness  in  iron  or  atoii 
Hot-short  Iron. — See  "Iron."  '^  v 

Housing. — In  carpentry,  the  space  left  in  one  pieoe 
of  another  in  order  to  connect  them.    The 
a  planer.    A  covering  or  roofing.    A  coveriB|f- 
framing  which  holds  the  journal  box  in  plaoe.    ^ 
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Sousiiig  Inm. — ^An  iron  tool  used  for  placing  a  strand  of  oakum  in  a  crack. 

Sousing  Joint.— See  <' Joint." 

aonsing  Man!.— See  ''Maul." 

Howe  Truss.— See  "Truss." 

Sub. — ^Any  rough  protuberance  or  projection.    A  block  of  wood  for  stopping  carriage 

wheels.    The  central  part  of  a  wheel  through  which  the  axle  passes,  and  from 

which  the  spokes  radiate.    A  surveyor's  stake  with  a  tack  in  the  top  to  denote 

line  and  position. 
Beference  Hub. — A  stake  driven  flush  or  nearly  so  with  the  ground  and  used  to 

reference,  or  to  tie,  a  surveyor's  line  or  point. 
Triangolation  Hub. — ^A  hub  used  at  the  comer  of  a  triangulation  system. 
Hub  Guard.— See  "Guard." 
Hub  Plank.— See  "Plank." 

Hue. — ^The  predominating  spectral  color  in  a  color  mixture. 
Humped-up. — Raised  in  the  centre,  synonymous  with  the  term  "camel-back." 
Hurst. — ^The  ring  of  the  helve  of  a  trip-hammer  which  supports  the  trunnions.    A  sand 

bank  near  a  river,  also  a  shallow  in  a  river. 
Hntton's  Formula. — An  empirical  formula  for  determining  wind-pressure  on  surfaces 

inclined  to  the  direction  of  the  wind. 

n         D  /  •       \  (^-W  cot  a  - 1) 
P„  =  P  (sm  a) 

where  P«  »  the  normal  component  of  wind^pressure, 

P    »  the  pressure  per  square  foot  on  a  plane  perpendicular  to  the  direction 
of  the  wind, 
and,  a  <=  angle  of  inclination  of  the  surface  with  the  direction  of  the  wind. 
Hydrant. — ^An  apparatus  for  drawing  or  discharging  water  directly  from  a  main  or 

pipe. 
Hydrated  Lime.— See  "  Lime." 
Hydration. — ^The  process  of  combining  or  impregnating  with  water,  or  the  resulting 

condition. 
Hydraulic  Activitf.— Same  as  "Activity  of  Cement."    See  "Cement." 
Hydraulic  Buffer.— See  "Buffer." 
Hydraulic  Cement.— See  "Cement." 
Hydraulic  Condenser. — See  "Condenser." 
Hydraulic  Crane.— See  "Crane." 
^drauUc  Eterator.— See  "Elevator." 
Hydraulic  Energy. — See  "Energy." 

Hydraulic  Gauge. — Same  as  "Hydraulic  Indicator."    See  "Indicator." 
Hydraulic  Hoist.— See  "Hoist." 
HydrauUc  Jack.— See  "Jack." 
Hydraulic  Index. — ^The  ratio  of  the  sum  of  the  weight  of  silica  and  alumina  to  the 

weight  of  lime  in  any  cement  or  cement  material. 
Hydraulic  Indicator. — See  "Indicator." 
Hydraulic  Lime. — See  "Lime." 
I^draulic  Mortar.— See  "Mortar." 
Hydraulic  Press.-^ee  "Press." 

Hydraulic  Quickness. — Same  as  "Hydraulic  Activity,"  q.v. 
Hydraulic-radius. — ^The  ratio  of  the  area  of  a  cross-section  of  a  stream  to  the  length 

of  the  wetted  perimeter. 
Hydraulic  Ram.— See  "Ram." 
Hydraulic  Riveter.— See  "Riveter." 
HydrauUc  Strength.— See  "Strength." 
Hydraulic  Valve.-See  "Valve." 
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li  k  the  factor  neaitsr  ahragfilin: 
be  multiplied  in  ofder  to  ibid  the  itiiff  Hijiijt- 
Ibad  in  a  manner  other  than  wtatioa^f. 

tapact-Allawaace  Load.— -A  peroentage 
uniform  live  load.   See  ''CkMffieMBl  of 

Inpad  Load.--See  ''Load/' 

Impaet-Ioad  Straos,  or  Inpad  fflrfiae     flaiiie  aa 

Imperrloiia. — ^Not  eueceptible  of  being  paoiect 
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Impoat — ^The  point  where  an  arch  resto  on  a  waD  or 
from  which  an  arch  springe.  Vwf^ 

Impoiae. — ^The  effect  of  a  blow  or  thrust.  '^^ 

ImpolsiTe  Force. — See  "Foroe." 

Inch-pound. — A  unit  of  energy  or  work.    The  woA 
through  an  inch.    A  unit  of  moment  equal  to  a 
levep-arm  of  one  inch.  ■  ,ijj 

Inch-Stress. — See  "Stress."  }^^  M 

Inch-Ton.— See  "Ton."  j/v. 

Incise. — To  cut  into;  to  engrave.    To  form  by  euttha[§r 

IncUned  End  Post— Same  as  "Batter  Post."    See  *'] 

Inclined  Plane. — A  plane  which  makes  an  angje  ksa^ 
horizontal.  '  •  '''^i 

IncUned  Strut— See  "Strut." 

Incrustation. — The  act  of  covering  or  lining  with  any 
itself. 

IndenUtlon  RoUer.-^ee  "Roller."  >! 

Indented. — Notched  by  a  small  hollow  or  depraado^jj 

Indented  Flni8h.~^ee  "  Finish." 
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Indeterminate  StresB.— See  '"Strees." 
Indicated  Horoepower.^-See  ^'Horaepower." 

Indicator. — A  marker.    The  pointer  on  a  steam  gauge  or  any  recording  instrument. 
An  instrument  for  measuring  the  steam  pressure,  at  various  positions  of  the  piston, 
in  an  engine  cylinder. 
Deflectioii  Indicator. — Same  as  '^Deflectometer/'  q.v. 
Hydraulic  Indicator. — A  gauge  for  indicating  the  pressure  of  water. 
Indicator  Diagram. — See  '^  Diagram.'' 
Indirect  Stress.— See  "Stress.'' 
Indirect  Wind-load.— See  "Load." 
Indirect  Wind-stress.— See  "Stress." 
Induced  Stress.— See  "Stress." 
Indurated  Fibre.— See  "Fibre." 
Inelastic — Not  elastic;  rigid;  unyielding. 

Inertia. — ^That  property  of  matter  by  virtue  of  which  it  persists  in  a  state  of  rest  or 
of  uniform  motion  in  a  straight  line  unless  some  force  changes  that  state.   The  state 
or  qiiality  of  bein;;  inert.    Indisposition  to  move  or  to  act.    Inertness. 
Centre  of  Inertia. — ^That  point  in  a  body  which  is  so  situated  that  the  force  or  com- 
bination of  forces  requisite  for  producing  motion  in  the  said  body,  or  bringing  it 
to  rest  or  changing  its  motion  in  any  way,  is  equivalent  to  a  single  force  applied 
at  the  said  point.    This  point  coincides  with  the  center  of  gravity  of  the  body. 
Moment  of  Inertia. — A  function  of  some  property  of  a  body  or  figure — such  as  weight, 
mass,  volume,  area,  length,  or  position — equal  to  the  summation  of  the  products 
of  the  elementary  portions  of  such  property,  of  said  body  or  figure,  by  the  squares 
of  their  distances  from  a  given  axis. 
Polar  Moment  of  Inertia. — ^The  moment  of  inertia  about  an  axis  perpendicular  to 
the  plane  of  rotation  or  to  the  plane  of  the  area  considered. 
Inflection. — ^A  change  of  curvature  from  concavity  to  convexity,  or  trice  versa. 
Inflection  Point. — ^The  point  where  reversal  of  curvature  occurs.    Same  as  point  of 

contraflexure.    See  "Contraflexure." 
Influence  Line. — See  "Line." 
Ingot. — A  large  mass  of  metal  cast  in  a  mould. 

Bled  Ingot. — Ingots  from  the  center  of  which  molten  ^teel  has  escaped,  leaving  a 
cavity. 
Ingot  Iron. — See  "Iron." 
Ingot  Mould.— See  "Mould." 
Ingot  Steel.— See  "Steel." 

Ingredient. — ^A  component  part  or  element  of  a  compound  or  mixture. 
Initial  Set— See  "Set." 
Initial  Stress.— See  "Stress." 
Initial  Tension.— See  "Tension." 
Injecting  Condenser. — See  "CJondenser." 

Injector. — ^An  apparatus  for  forcing  water  into  a  steam  boiler  by  means  of  an  enclosed 
jet  or  nozzle,  through  which  the  steam  issues  at  a  high  velocity,  drawing  water 
through  a  suction  pipe  and  carrying  it  along  to  the  boiler  in  a  feed  pipe,  where, 
because  of  its  high  velocity  and  force  of  impact,  it  is  able  to  overcome  the  back 
pressure  and  enter  the  boiler. 
Inlay. — ^That  which  is  inserted  or  laid  in  something  else.    To  do  such  insertion.    To 

decorate  by  insertion. 
Inner  Guard-raU. — See  "Guard-rail." 
Inner  Hip.-^ee  "Hip." 

Inner  LocIl  Tender.— Same  as  "Inside  Lock  Tender."    See  "Tender." 
Inside  Calipers. — See  "Calipers." 
Inside  LoclL-tender.— See  "Tender.'' 
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BMir— Any  iMnt 
Deck.— See  "IMk." 

iBtamediiile  PM.--See  '<Ftet" 

"SUL"  .attni 

StlffeBflr.--See  "StiffeDotB."        n^Ja 

Strut— See  "Strut" 
Intflrmedlale  TrvM.— See  "Trim."  ,  <ti^ 

latomal  ConbiiitkHi  Eagfamkr-See  "Bnini/':;    n^  *) 

Intomal  Force. — Same  as  "^traasy"  9.9.  '.t 

Iniemal Streas.— See  "Streaa."  '"^^^ 

Interaeetton. — ^A  place  of  croaaiiig;  canoellatioiik    J^ 
line  and  a  surface.  '  'iifi 

Double  Intersection. — Same  as  "Double 
Multiple  Interaection. — Same  as  "Multqple 
Sin^  Intersection. — Same  as  "Sin|^ 
Tr^^  Intersection. — Same  as  "Triple 
In  the  Clear. — Out  of  the  way  of  moving  objeQla»  v  f^^ 
Intrados. — ^The  concave  curve  of  an  arch.    The 
in  position)  of  a  masonry  arch. 
Semi-intrado6. — ^That  portion  of  the  inner  arok 
arch  and  its  springing  line. 
Invert. — ^To  turn  upside  down;  to  turn  end  for  eodvi 

a  sewer  or  tunnel. 
Inverted  Arch.— See  "  Arch." 
Inverted  Catenary. — See  "Catenary." 
Inverted  Catenary  Curve. — See  "Curve." 
Invoice. — ^A  bill  from  the  seller  for  goods  shipped  tp 
ceming  the  size,  character,  weight,  etc.,  of  tber 
detail.    This  bill  may  or  may  not  have  the 
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deMfjbed  tly  liie  end  of  w«M^ 
taut.  ■  •.'•".-  .-.tv    'f-- 

iwtnmiwi  but  importaat  and  abundant  metal  baying  a  &pea§»  gtwily  0  ^>^^!!i^ 
Ilie  pore  sMtal  baa  Aiiiiite,  hiatroua  appeanui^ 
.qpencbing,  and  la  atrooi^  attraeted  by  a  magnet^  aHbougbIt  eaiotft  iMhtbgcte 
€onxpt  wben  containing  oarbon,  or  wbik  an  ^IbdIiId  euMa^  te^^iijMl 
it.  Tbe  tennia  often  applied  to  a  tool  or  tttena^  made  of  Ifon^  ^^^J^ 
atruotiiral  8bi4>eB. 
&^--See  "Ani^." 

•An  uon  ore  containing  <day. 
*— Iran  made  up  in  the  diape  of  ban. 

Imu— Wraun^t  iran  that  baa  been  injured  and  rendered  brittfoby  bilbg 
atabhieheat. 
Inmu— An  iron  extracted  from  ore  oceurring  in  marei^  ground.  '^  '  ' -^ 

''Boom."  '-'irCi 

^'GaUdng." 
|iMk~*Iron  aa  it  oomea  from  the  emeher  containing  usually  from  tiro  aindihitf 
^Jour  per  cent  of  carbon. 

iroB.— Same  as '' Rolled  Caiannel."    See  ^' Channd."  ;^ 

ben. — ^Inm  made  in  a  furnace  where  diareoal  ia  used  aa  a  futiL  ^ '/  '^ 

Imu—- Iron  that  ia  aur^Mse-hardened  by  audden  ockding  at  the  iftii^  of 
^^aaatmg* 

ton.— Same  aa  "Clamp/' 9.9. 

Irakr— Iron  that  ia  weak  and  brittle  when  cold«  due  to  the  prebenee  of 


,_  / 


Imu — The  poorest  quality  of  eommereial  hon. 
fcioikr--6heet  iron  formed  with  ridges  by  pfMsing  it  betweefi  fiuted  idieiH. 
Imu — An  iron  which  when  broken  shows  a  crsrstalline  fractutc* 
IfWMk— See  "Derrick," 
■.—See  "Dog." 

Rdbad  Irau— Iron  made  by  a  prooeas  of  cutting  vp  bam  of  refiHied  ibdi« 
the  pieces  in  piles»  then  reheating  and  reroUing  into  shape. 
mu — An  iron  having  a  fibrous  texture.  *  '^' 

"UotL-^An  inferior  grade  of  iron  used  for  puddling. 
Imu--See  "Fmning." 
lM«rf-*-An  iron  used  in  foundry  W01&. 
n  coated  with  sine. 
iroBL — An  old  term  for  a  structural  diape  in  the  form  of  a  i^er  or  I4)eatDi. 
iron  containing  a  large  amount  of  sificon. 
as  "Orab»"  9.9. 

"Grayling  Iron."  > 

pig  iron  in  which  the  carbon  takes  the  form  of  gn4)hitey  gjving  Has 
a  dark  color. 

iae9*<-^Iron  that  is  brittle  above  a  temperature  denoted  by  a  weMtaH 
cdor-'due  to  sulphur. 

iRMkr-See  "Housing  Iron."  '    ' 

steel  cast  in  ingots,  sometimes  with  about  three  per  cent  of  ddfipili^  ^ 

aa  "Somp  Iron,"  q.v.  '  ^  '*' 

*'EneeIron."  -  "^^ 

^Making  lion."  ii:  v  m.  I 
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MditlH-iML--6ee  "Saltaliig4raii.'' 
SiredU  Imu— A  vary  pme  wnmilil 
T  or  Tee  Irau-rlran  roiled  ^alo  the 

the  letter  T. 
Toggle  Iron* — ^A  oonneoting  detail  for  a 
Week  Iron.— White,  Inittle  pig-iroii. 
Weld  Iron. — ^A  term  suggeeted  for  wmoghitiiili^ 
Wire  Iron. — A  ductile  ircm  fram  wfakh  wiwjirjiil: 
Wrought  Iron. — In  its  perfect  oonditioBi 

to  impurities  (to  a  certain  degree)  bdng 

condition. 

« 

Z-Bar  Iron. — Iron  rolled  in  the  diape  of  a  bet 
letter  Z,  but  with  the  web  at  right  an|^  le^^kife^i 

Iron-bound. — Bound  together  by  banda  of  wmu  •  i^. 

Iron-founder. — One  who  makes  iron  rantingiB. 

Iron  Foundry. — See  "Foundry." 

Iron  Furnace. — See  "Furnace." 

Iron-gray. — A  gray  hue. 

Iron-master. — A  manufacturer  of  iron. 

Iron-ozlde. — ^An  intimate  combination  of  oo^ygen 
"Ochre." 

Iron-red. — ^A  red  of  somewhat  orange  tint  as  prodi 

Iron  Rust— See  "Rust." 

Iron  Sand.— See  "Sand." 

Iron  Saw.— See  "Saw." 

Iron  Scab.— See  "Scab." 

Iron  Scale.— See  "Scale." 
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GLOSSARY  OF  TERMS  1995 

Iinoii-gmiUi. — ^A  worker  in  iron. 

Ir^n-stain. — A  stain  made  by  iron  rust  on  some  object. 

Iron  Stone.~-See  "Stone." 

Ir«>nwork.-^ee  "Work." 

Iron- worker. — ^A  bridgeman  or  man  who  helps  erect  iron  or  steel. 

Iron-works. — ^The  plant  or  place  where  iron  structures  are  fabricated  and  assembled. 

Irregnlar  Course.— See  "Course." 

Irregular  Fracture. — See  "Fracture." 

Isodomon. — One  of  the  varieties  of  masonry  in  Greek  architecture  in  which  the  blocks 
forming  the  courses  were  of  equal  thickness  and  of  equal  length,  and  so  disposed 
that  the  vertical  joints  of  the  upper  course  came  over  the  middle  of  the  blocks 
in  the  course  immediately  below,  all  blocks  being  joined  by  horizontal  dowels. 

Isometric  Projection. — See  "Projection." 

Isosceles. — Having  two  legs  or  sides  equal,  as  in  a  triangle. 

Isotropic. — Having  the  same  physical  properties  in  every  direction. 


Jack. — A  lifting  apparatus.    A  mechanical  device,  appliance,  or  part  of  a  machine. 

To  pry  up  or  lift  with  a  jack. 
Ball-bearing  Jack. — A  jack  having  ball  bearings  to  take  up  the  thrust  from  the  load 

and  reduce  the  friction  of  operation. 
Beveled-gear  Jack. — A  jack  operated  by  power  applied  through  bevel  gears. 
Camber  Jack. — ^Any  special  jack  used  for  putting  the  initial  camber  in  a  truss  in 

place  of  wooden  wedges. 
Differential  Jack.^ — ^Any  jack  worked  by  differential  gears. 
Differential  Screw-jack. — A  screw-jack  having  a  differential  screw. 
Hoisting  Jack. — ^A  lifting  device  in  which  a  screw-jack  is  employed. 
Hydraulic  Jack. — ^A  device  for  lifting  heavy  weights  or  exerting  great  force  by  means 

of  liquid  pressure  from  a  hand-pump  connected  with  a  large-bore  cylinder  and 

a  piston  working  therein. 
Lazy  Jack. — ^A  mechanism  consisting  of  compound  levers  pivoted  together. 
Lever  Jack. — A  jack  worked  by  a  lever. 

Lilting  Jack. — A  screw  jack  worked  by  a  worm  wheel  to  which  a  handle  is  attached. 
Rack-and-pinion  Jack. — ^A  jack   using  a  rack  and  pinion  to  attain  its  lifting 

motion. 
RaU  Jack. — Same  as  "Track  Jack,"  q.v. 
Railroad  Jack. — Same  as  "Track  Jack,"  q.v. 
Ratchet  Jack. — ^Any  jack  worked  with  a  ratchet. 
Screw  Jack. — ^A  large  screw  working  in  a  nut  set  in  a  strong  frame  or  forming  a  part 

thereof,  which  in  turn  serves  as  a  base  to  carry  the  load. 
Steamboat  Jack. — A  ratchet  jack  similar  to  and  operating  on  the  same  principle 

as  a  steamboat  ratchet,  but  with  bearing  shoes  at  the  ends  of  the  screws  so  that 

a  pressure  may  be  exerted  between  two  objects  or  parts  of  a  structure. 
Timber  Jack. — An  apparatus  for  lifting  timber. 
Track  Jack. — A  lever  jack  having  a  tongue  near  the  bottom  of  the  stem  and  on  the 

side  opposite  the  lever.    This  tongue  can  readily  be  inserted  under  a  rail  or  tie 

and  a  portion  of  the  track  raised  by  pumping  the  lever. 
Track  Jack. — A  lifting  jack  hung  from  a  truck. 

Whiskey  Jack. — A  hydraulic  jack  in  which  spirits  are  used  instead  of  water. 
Windlass  Jack. — A  jack  having  on  the  nut  which  surrounds  its  screw  a  crown  wheel 

operated  by  a  pinion  and  a  crank. 
Jack  Arch.— See  "Arch." 
Jack-bores. — ^The  bores  of  a  jack  either  on  the  inside  or  the  outside. 


or 


JiNrflirt«^-H9ee  "Plate.'' 

Jiran^frf— A  ibfiri  oniwlMf.  Aim  iBiBid:'^ 

Jttr-A  ^NMillog  or  (varttDg^  as  of  mtet  mr^ 
AtraliM  leL— A  jet  of  water  UmMili  wMAV 
PiH9  leL— fltane  as  "Jlei  Frnp."  ■Bm'^, 
'  Bom  M.--A  jet  of  water  iM]li«  tlnoiiifciik 
ond  fffwl  five  openinoi  aroand  the  iUm 
degraes  to  that  of  the  aada  of  the  itMraiai    f  i^r 
Steam  Jet— A  flow  of  steam  from  an  oijfeai* 
Water  Jet— A  flow  of  water,  at  higji  Te|oeHj/lHil 

Jet  Chaiii.--See  "Chain." 

Jet  CoBdeiiaer.-H9ee  "Condaiaer/' 

M  Hboe.— 43ee  "Hoee.'' 

Jet  Nonle.— See  "Noule.'' 

Jet  Pipe.— See  "Pipe." 

Jet  Pomp.— See  "Pump." 

Jetted  Pile.— See  "  Pile." 

Jetting. — ^Putting  down  by  means  of  a  jet. 

Jetty. — A  structure  of  wood,  stone,  or  mattress 
serving  for  a  wharf  or  pier,  or  as  a  mcde, 
charge,  or  direct  a  current,  and  to  proteot  a 

Jetty  Head.— See  "Head." 

Jib. — ^The  upper  projecting  member  or  arm  of  a 

Jib  Crane.— See  "Crane." 

Jig. — ^Any  tool  or  fixture  used  to  guide  cutting  took|. 

Jigger. — A  small,  light,  or  light-nmning  mechanical 
a  rapid,  jerky  motion.    Any  subordinate  meohaaifi^; 
definite  name  is  attached.    A  warehouse  crane.     ,  /i 

Jigger  Pomp.— See  "Pump."  • 

Jig  Saw.— See  "Saw."  ,s^ 

Jim-crow. — ^An  implement  for  bending  or  straighteoimi^ 

Jimmy. — Same  as  "  Jenmiy,"  q.v. 

JImmy-wlnk. — ^Any  short,  hght,  stationary  derrick 


:i(iti0iiai^>^Qgr:'^9ii^^ 
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-The 


fitfliGldtf  ptM  of  worit   Aiqr^iiidflrtcking. 

8ti&  toDKiii  mih»  end  til  a  post  or  ]iieoe  of  tinlMr,  "irtiii&  imMiiii  l^illitt 

ItttanJly. 

"Beam.''  i-;.*r  •..^.-r.^z-i 

iqxeigbt  member  m  the  middle  of  a  trum;  a  kingjpoili' 
"Poet." 

WImoI.— See  "WfaeeL''  ;     .^ 

Weri^-flee  <*Waric'*  i  yr^r.r- ;>i 

The  place  or  part  in  which  tw6  things  or  portiooB  of  one  tUag  arfr  Jtiinrd  m 
The  meehanigm,  method,  or  means  by  whieh  such  jimistioii  fftieftoteC' 
Jofait—-A  square  joint  oonfined  to  a  shigjb  plane  where  thfi  piTts  nUitt 
oontra-distinction  to  a  lap-joint  where  the  «|dioe  is  ahin^M* 
Mntr-A  jdnt  in  which  two  pieoes  meet  at  an  angjtob  «iMt 

Joint,  or  BaO  Joints— A  joint  havii^  a  qihonoal  smilMQ^  or*  hill 
in  a  socket. 
Mat — ^Mortar  in  a  masQDzy  joint  forming  a  bead.  •  i  %i;| 

Joint— A  horiiontal  joint  or  one  pcfpendicnlar  to  the  line  of  prcsBMieoo  tfaa 

Jeint— An  angle  joint  in  which  the  contact  suzfaees  make  e^ual  antfiBS^ 
I^Otiier  than  a  right  angle,  with  the  aaras  of  the  parts  joined. 

>Bo«ai  Joint — ^A  joint  in  timber  where  an  inclined  member  is  di|)|iad  oisg  a 


■'►#» 
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Joint — A  joint  formed  by  the  ends  of  several  component  pieees  hi  one 
no  two  fines  being  cut  at  the  same  place.  .    j 

Jeint— To  overlap  pieces  so  that  the  joints  wiU  not  occur  near  tofSther^  atoid- 
^iag  thereby  excessive  weakening  of  the  member.  i     -i^ 

Joint— A  joint  in  which  the  ends  of  the  pieces  are  square  and  pn«»  atriMt 
eadi  other. 

Jolnt-'-Same  as  "  Mitre  Joint,"  q.v.  f  v 

Joint — A  joint  vdiere  cAmpressian  members  meet   A  spKoe  in  aroom^, 
member.  ■■ ,  t 

Joint-^A  joint  between  two  voussiors  in  masonry. 
Joint— A  joint  between  plates  of  metal  in  which  the  edges  are  lUoneAby 


Joint — Same  as  "Ballrand-eocket  Joint,''  q,v. 
Joint-^A  jdnt  made  between  two  pieces  by  cutting  away  ootie^ioiMifaig 
Of  each  so  that  they  fit  together  with  surfaces  flush  with  each  otlier. 
Joint— A  dapped  joint  in  which  the  {Hrojecting  timber  has  .two 


jdnt  that  is  strengthened  by  a  pin  or  a  dowel 
jomt  where  two  pieces  of  pipe  meet  at  an  angle.    A  form  of 
lor  joining  two  such  pipes. 

Joint— A  jcMnt  in  which  movement  for  esqMnsion  and  contnetiqn  is 
^iHowed. 

Jsint.    A  joint  in  which  the  adjacent  faces  have  been  planed.  Also  a  yolpioir 
sliowB  on  the  f  ace  of  an  arch. 
Str^-Same  as  "  Dove-tail  Joint,"  qjv. 
-Any  jomt  held  fast  by  means  of  the  addition  of  one  or  more  boitl^ 

socket  of  a  spigot  and  faucet  joint.  -&  k1 

;joiBt  between  two  rails  connected  hj  fishplates  bdted  theiflOify  - 
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rfiifl  to  -mqilMf  "■yfi|. 
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«i'*BiitlMst» 
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^ip: 


jdiui  made  bsr  ^ 

aromid  •  pile  by  iniwi  lim  iwmfag- 
Imm  Miitib— A  joint  in  wiiMi  tlwipi^ 
Miio«7  Mnt— A  imnt 
Maldi  Jsint— €MDe  as  *" 
Miltr  Mnt— A  flpedal  case  of  a  bafilit 

angjtes  of  f orty-^ve  degreea  with  tlie  ana  af ' 
Mortiaed  Joint.— The  ioint  fonned  betwMI' 

in  it  to  receive  the  tenon  of  the  oiher  fifoe^i  ^^i 
Open  Joint. — ^A  joint  in  which  the  parte  eie 
Oreriapplng  Joint— Same  as  "Lap  Joints*'  9 J!/  •  '^t^ 
Pillow  Joint—Same  as  ''Ball-and-oodcei  JoM^liL^ 
Pin  Joint — ^Any  joint  in  which  the  parte  are  htiU 
Pipe  Joint. — ^The  joint  between  two  pieoisB  of  p^eii  '^^1 
Planed  Joint — ^A  joint  in  which  the  oontaot 

surfaces  finished  in  a  machine.  •      -}''' 

Putty  Joint— A  pipe  joint  made  tig^  with  pollf  *  ^ ' 
Rabbet  Johit— Same  as  ''Half-and-half  Jmnt^*"  qjk  * 
Rafl  Joint — ^The  joint  between  railway  railB.  -i-'--* 

BIng  Joint. — ^A  circular  flange  joint. 
Biyeted  Joint — ^A  joint  in  which  the  parts  are  hdd 

and  rivets.  f^i 

Rule  Joint. — ^A  pivoted  joint  similar  to  a  hinged  join^' 
Rust  Joint. — ^A  joint  between  pieces  of  metal  muftb' 

missible  in  good  bridge  engineering  practice. 
Saddle  Joint. — ^A  sheet  metal  joint  in  which  one 

uptmned  edge  of  the  next.  v 

Scarf  Joint — A  joint  between  two  pieces  made  b3^ 

so  that  when  the  parts  are  placed  together  thsy 


<■« 


SB  ti»  p86  iqE>  ineHiiitir  sllto  wi  and  tbaral^ 
ftipBMJnw  join^  in  eonddiii^ 


n 


lint  made bgr  iolderinf  tirai pteoii i^^  V-  '-^>^rfvi^if^'4/\ ;,.  ;r- 

Mnt— A  joint  formed  h9  wimtatthB  m  atMai  ban  af'iaiiiMilirMiiiiil^^     -'^-i 

timber  }oM  in  wbii^  Ob  coda  am  brw^jhfe  mfmmiif  ingtlj^i  jfe,    '  ^^, 
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Mnt— A  joint  bavipy  n  atony  to  preiyettt  foMins  eroept  ih  ia»a  idii^>#in,^;  y^^g 

'la  in  a  folding  rule.  ^^  -^  -^  -  •  -^li/i^i-^lfeJl: '^.:'!^ 

Mnt— -A  oonnectiion  between  metal  platea  bgFijjfWaig  ll»  aii[||B%i|iHI^.  ^"^ '' 

orlafMfivetodoraolderedtotbfeliarta.  '    '     <^v    .^;^7^^^^- 

liirt^A  joint  utiliaing  n  awhrel  to  perant  tiHMNr  «f  iii^  «wM^^ 

loiirti    name  aa  n  ^CSiaaifeied  Mu^^  lajr. 

Jatata'^^A  Qnioe  in  teniion*  . '  •    »  >h 

Mnife.-^An  eapanaion  dbevo-joint  in  n  p^  lipe.  <.^;l;i£<b  iN^i 

Jeint---Aim]onof  twopartabgrmeanaof  aiog^  -  -  4u.ii  j^>ii>i 

.0raai«  Mnl»  or  Itafao  Mnt^^-A  joint  madi  bjf  inib  fairtf  llMi^k 
prqjeeliBgtoiigae  fitting  into  noaiwapmidinggr^^  vaxa 

Mat— Any  joint  in  a  tnisB.  '  ^i  ;>/^:'!  ^qC 

JaiNt--A  jolntinmaaoniypreaeatfaigtbei^lipteianMof^t^  'ii^i 

Mnt — ^An  ordinary  wire  qdioe  made  by  twisting. 
Mnt— A  pipe  ooupfing.  Also  cafied  s  *'Fipe  Unjon."  See  ^'tJnion.'' 

Joints— An  anrangraoeat  by  wliich  one  part  may  be  im^to  lo  a  wlfti  fcjjtf 
1^' in  afl  daeetionB  fdule  rotating  witb  anotliflr  pari.  .'J^^f*jjl 

iat.    A  joint  between  parte  prednding  the  pnawign  of  watefe  ■ »       — ^.b^^ 
Mnt— 'A  masonry  joint  ^diere  the  mortar  forma  an  odtward  dopiiirairfiiia 
fiRon  tbe  bottom  of  the  upper  ooune  to  the  top  of  tine  lower  ooaiae. 

led  JoW^«-Tl)B  union  of  metalHo  pieoes  by  welding.  >»(f*Mri 

Jeinl.— A  joint  between  two  wires  made  by  twisting  their  ends  togetfaofW' 

"Bolt."  ^Ot 

"CJoupKng." 
-The  iron  end-pieoe  about  which  another  part  moves  as  on  ftpivOt..  ?  >^)  *  .-^ 
;— A  tooLfor  fiffing  the  oraeks  between  eoumes  of  stone  in  masomy.    A'  Ulft 
jiimflr  to  atraigbtpn  the  edges  of  boards.   A  tool  for  heading  a  joint       ---^  ...^ 
"File." 
"ffinge."  ^  i 

"Rupture." 
"Pipe." 
"fi^." 
fit  or  fumiah  with  jdsts.   One  of  the  horisontal  pieeea  UMiaQy  Md  In  ^qid- 
'ifttail  rowa  to  which  flooring  is  nailed. 

JMll8.-nJoists  used  as  girden  to  sustain  common  joista. 

non  joists.  ^"  'v.^ 

f^Pl|[rfi,r^-Joists  made  of  steel.  u  ^     /H 

J'iMNa,    Joirts  made  of  timber.  /^'V-rii 

or  a  stringer  which  is  placed  under  a  tradE.  ;  ^  H 
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\r'.  ■■%■<   iir.tu 


'^qt-* 


V.^.. 


■r|'^i%iM^\-^ 


<     r 


out  ft"^  ffiionnitd 
naor  be  tmied  to  tana  wmi 
ipda  aold.   Sioie  m  '^Sorum"  f a 

r*— -Om  idbo  Imyi  Jnki^.      'r  ;ir^i 

iit— To  prajeel  out  Tb  iiiof«  or  iNii^ '< 
l«la'--Tlie  fibra  of  a  pliot  poim  ift  iiAii 
lite  PlMlli«.-6ee  "Fteekii«.'' 
JMjr.*— A  pier,  mole,  or  jellgr.  .  <  ^  v^"  >i 


,  -t:; 
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Kite  Bon^-8ee  «'Ber." 

Kedde.— To  eover  or  guard  by  windlBt  ivMi 

Kedge*-— A  smaU  anchor  wHli  an  inm  itoflks  -Hb^ 

KeeL— The  pxincipal  timber  m  a  boai,  Tamil  ijiiy^i 
akmg  the  bottom  and  aupportnig  the 

Keepera. — ^The  pieces  of  metal  or  wood  whieli 

its  motion.  vv^l 

Keg. — ^A  cask-shaped  yessd  of  indefinite  aiae^  bol^ii, 
usually  from  five  to  ten  gaUona. 

Kellogg  Ttnaa.— See  "Truss."  tf^s^ 

Kert — ^The  space,  opening,  or  narrow  slit  made  IH 

Kettle. — ^A  yessel  of  iron,  copper,  or  other  meld^ 
for  heating  tar,  asphalt,  etc. 

Key. — ^Anjrthing  that  operates  a  locking  BMcibBiikai^J$f 
of  parts  on  each  other;  such  as  the  central 
inserted  in  a  longitudinal  slot  in  a  shaft  to 
a  piece  inserted  in  the  back  of  a  board  to  keep  il' 
controlling  a  valve,  moving  a  nut,  etc  n'oA 

Adjusting  Key. — ^A  wrench  in  which  the  jaws  are.^ 
Cotter  Key.— Same  as  "CJotter,"  q,v. 

Key  Bed.— See  ''Bed." 

Key  Bolt.— Same  as  "Cotter  Pin."    See  "Pin." 

Key  FUe.— See  "Pile." 

Keystone.^See  "Stone." 
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-inie  biiflkel;  ift^  lor  nMng  eovtliy  aloiie,  ele.,  Iraiii  UMlii  or nuoii^^ >i  > '/^i$ 
To  hM  mdtea  siMl  in  a  laddkf  f unaoe,  or  eiadl^  unia  tbe  fWlteBtt-#1i»|^ 
and  the  metal  beoomes  ({uiet.  .     >        '.^.H 


-The  act  of  bidding  sted  to  kill  it.   See  "Km." 
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-A  dhflft  furnaee  for  roasting  ore^  luneBtone,  etc.,  wiiero  a  very  higb  fttn^eiilUlvei 
Ib  required.  -h  >? 

Kfln.— A  rotating  fumaoe  having  a  dii^t  elope,  reeoiving  tliei  |Nih«iiiJiid, 
raw  materiel  at  te  upper  end  and  gmduaQ^  woridng  it  toward  the  >loiii«r'««i|d 
ivhere  the  fire  is  located.         •"'  '  .^tt  n'/ 

KifaL— -A  furnace  in  whlidi  fimeeUme  is  caleinaled. 

KifaL— An  encloeed  chamJber  artifioiaQsr  wanned,  in  whlA  sawniuBiMli 
placed  to  be  heated  so  as  to  free  it  from  moistare  and  prevent  warpingi   -    *  ^    ' 

(.—An  artificial  method  of  seasoning  timber^  in  which  it  is  piititfla^«49Hn 
and  exposed  to  a  current  of  hot  air.  .      :   .  ->;.'/> 

.—An  dectrical  unit  of  power  equal  to  one  thousand  watts,  or  l.S40Slias^^ 
-iMMor^— Hie  oustonuuy  unit  of  deeCric  eneigsr^  used  in  the  sale  of  elMfiei^t 
ai|Bal  to  one  thousand  watt-houn.  ^^ 

• — ^That  branch  of  the  science  of  meohanios  which  treats  el  the  motel  ^ 
%0<Mes  without  reference  to  the  cause  or  force  producing  it.  1 

to  or  producing  motion. 
"Energy." 
-That  branch  of  the  sdenoe  of  mechanics  which  treats  of  foroea 
inotion  or  changing  motion  in  bodies. 

Trmm,  or  King  Thus.— See  "Truss.'* 
SeAr-See  "Rod." 

knot-like  ccmtraction.   A  twist  or  a  sharp  sudden  bend  in  a  pieos.   To  Mist 
or  contract  into  knots. 
-A  shaiip-pointed  hill;  a  jutting  point.  A  stress  unit  equal  to  one  thousand  pouttds. 
rhe  graphite  forced  out  from  molten  pig  iron  during  its  solidification.^    - 
Und  of  cement;  hite  and  putty.   A  box,  chest,  or  canvas  bag  for  holding  todai 
To  padL  in  a  kit. 

Kit— A  kit  of  took  for  driving  field  rivets. 
Mbber.— See  "Rubber." 
or  Knee  BraeOit— A  short  diagonal  brace,  used  to  connect  a  batter  brace  or  a 
post  in  a  span  to  an  overhead  strut. 

'nrestle^— See  "Tres^."  ,, 

I  L-shaped  angloHbron  uie»d  to  strengthen  a  joint  formed  by  two^nilMi 
atrame. 
^A  pad  used  on  the  knee  by  bridgemen,  carpenters,  etc.,  for  protecting  the 
whUeatwoik. 

•—-The  movement  in  a  joint  hke  that  of  a  knee. 
-A  diarp  edge  similar  to  tiiat  of  a  knife  blade.   However,  it  is  often  appied 
lattsr  htent  edges. 

r«— ^A  tool  made  from  a  strong,  flat  bar  of  iron,  used  for  brealdBg^ 
ore  or  stone.  :\tA 

"Stone."  iM.ri 

hard  mass  of  wood  formed  in  the  trunk  of  a  tree  at  a  brandi,  with  tlta^Baiil 
and  separate  fran  the  grain  of  the  trunk.   A  knob  in  an  aroh.   AnJqaMI, 
il^liartaof  one  or  more  ropes,  cords,  or  strips  for  thepuipoar of  lMMiihi|| 
pplfcer.  The  aet  of  tying  a  knot         -  rr..^ 

Mm  - ' 


T'^^^"    A'-:---^-f>S, 


)o  ,.r  Ui^-^tfe^^-'^er'-^-:^-  v^^;-:■;  - 


■  ■'"■"  '-^.":-''-»«*&Ji&^m' 


^<^i 


v^v 


ai^^i 


■  >  It*    ■ 


.^r^-:^ 


r»^-*' 


'v^.v'; 


r^'r^. 


'^^'^dhy^ 


.-? 


^*V"S 


i»^^r-^>^ 


^;V4^^ 


*.r 


.BpoiiE^fjf 


y*t-- 


fii  XmIt-A  icRiiid  tanim 
tmibtkr-rk  womd  knot  i« 
ioflh  in  diaiiioter. 

BallM  KMt--TA  knot  in  timber  lolii^ 
BMsi  Knot--^  knot  in  timber  wiiMlii^^ 
Rmuid  Twn  and  a  Half  mdu— See '^ 

^^lyfcf  Knot* — Any  knot  madff  in  Hifli  fii 
tbe  rope  is  being  pulled. 

filwet  Slmak  Knotr-A  fonn  of  knot  nMda 
SiMeC  Bend.— See  "Ketdnim's  Hand 
SiMeC  Bend  Knot  witk  a  TBCfia.--6ee  '* 
.  Simple  Knot— See  ''Ketchum'a  Hand  Bod^** 
fiH^  Knot.-^See  "Ketchum'a  Hand  Bdok^^ 
Sound  Knot. — ^A  knot  in  timber,  wlueh  la 

wood  surrounding  it.  .  '^^f 

Spike  Knot— A  knot  in  timber  which  knot  ia  aaipil^ 
Square  Knot.— See  "Ketchum's  Hand  Bo(^" 
Standard  Knot. — ^A  sound  knot  in  timber  net  af«t 
Steyedores'  Knot.— See  "Ketchum's  Hand  Bodk^'f, 
Timber  Hitch  and  Half  Hitch  Knot— See  " 

445. 
Timber  Hitch  Knot.— See  "Ketchum's  Hand  BoQk«^ 
WaU  Knot.— See  "Ketchum's  Hand  Book/'  pagea 
WaU  Knot  Crown.— See  ''Ketchum's  Hand  Bod^'' 

Knot  Maul.— See  "Maul."  -,  .A^ 

Knotty. — Having  many  knotjs.    Said  of  timber.  J 

Knuckle  Gearing.— See  "  Gearing/' 

Knuckle  Joint.— See  "Joint."  ^  I 

K  Type  Truss.— See  "Truss." 

Kutter's  Formula.— A  formula  for  evaluating  the 
formula  for  the  mean  velocity  of  the  current  in  t^ 
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where  v  »  velocity  in  feet  per  second, 
C  =  a  coefficient, 

_  ^      1.811      0.00281 

41.6+ + 

n  8 


1  + 


/      ^      0.00281\    n 


r  a  hydraulic  radius, 

a  8  sine  of  slope, 
and     n  ==  coefficient  of  roughness. 
Kyanizliig. — ^A  process  for  preventing  the  decay  of  wood  by  impregnating  it  with 
chloride  of  mercury,  patented  by  J.  H.  Kyan,  in  1832. 

L 
Laced  Stmt.— See  "Strut." 
Ladng. — A  system  of  bars  not  intersecting  each  other  at  the  middle,  used  to  connect 

two  leaves  of  a  strut  in  order  to  make  them  act  as  one  member. 
Angle  Ladng. — A  system  of  lacing  in  which  angle-irons  are  used  in  place  of  bars. 
Doable  Ladng. — ^Erroneously  used  for  **  Latticing,''  q,v. 
Double  Riveted  Ladng. — Lacing  in  which  each  bar  is  connected  by  two  rivets  at  each 

end. 
Single  Ladng. — Same  as  ''Lacing,''  q.v, 
Ladng  Bar.— See  "Bar." 
Ladder  Bracing.— See  "Bracing." 
Ladder  Dredge.— See  "  Dredge." 

Laddor-way. — A  space  or  opening  for  ascending  or  descending  by  a  ladder. 
Ladder  Work.— See  "Work." 

Ladle. — A  large  vessel  or  pot  for  holding,  transporting,  and  pouring  molten  metal. 
Ladle-barrow. — A  special  wheel-barrow  for  carrying  a  ladle  of  molten  metal. 
Lag. — The  amoimt  of  retardation  of  some  movement,  as  the  lag  of  the  valve  in  a  steam 

engine.    To  hang  back.    The  outside  covering  of  a  steam  boiler  to  prevent  radiation. 

The  vertical  timbers  nailed  to  a  "Lag  Pile,"  q.v.    To  fasten  down  with  "Lag 

Screws,"  q.v, 
Lag-belUed. — ^Any  construction  having  a  slack,  drooping  belly. 
Lag  Bolt — ^Erroneously  used  for  "Lag  Screw,"  q.v. 
Lagged  Pfle.— See  "  Pile." 

Lagging. — Same  as  "Sheeting,"  q.v.    Also  planking  or  timbers  fastened  by  lag  screws. 
Lag  Screws. — See  "Screw." 
Laid-np. — A  term  used  in  riveting  to  denote  that  the  dolly  bar  is  tight  against  the  head 

of  the  rivet  preparatory  to  driving. 
Laitance. — Same  as  "Laitance  of  Cement."    See  "Cement." 
Laitier  Cement— See  "Cement." 
Lamellar  Stmctnre. — See  "Structure." 
Laminar. — Composed  of  thin  plates  or  layers. 
Laminated. — Having  plates  or  scales.    Scaly. 
Laminated  Arch. — See  "Arch." 
Lampblack. — ^A  fine,  black  pigment  consisting  of  particles  of  nearly  pure  carbon,  used 

for  making  paints,  ink,  etc. 
Lance  Wood.— See  "Wood." 
Lanch. — Same  as  "  Launch,"  q.v. 
Land. — The  smooth  uncut  part  of  the  faceplate  of  a  slide-valve  in  a  steam  engine.     To 

put  on  or  to  bring  to  shore. 
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r9hf.'\ 


v.rC^S^ 


^t^'^N^"- 


-  f     '^'  '^■' 


•"^A  coid|  vop^  wkVi  4V^  dhiiii 
I4M1.--A  deviee  for  eiftddng  or 

plaoe  with  a  latdL 
isldh-tar.--A  bar  used  for  ktclli^  -H- 

UtdMSlcik— A  oAftdi  ^Wi  IkiUi  Ab  kAAW 
Urtm  HMt— Bee  "Heat.'*  /^^  #i 


^*-:'Tv*/ 


^^^*^; 
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Tod  Latonda  or  UMMr  LalonAk— Lalanili 
Lot«al  BradBg.— See  "BrMmg.'' 
Lat«al  QearaBce.— See  "CkbBaaitobJ' 
iMtni  GontradkMk— See  ''GontnustioiL'' 
Lat«al  Dfagmiala.— See  "Diaeonala.'' 
Latml  Roda.— See  "Rod." 
Latmd  Seetioii.— See  "SectioiL'' 
Lateral  Strain.— See  "Strain." 
Latmd  Streoa.— See  "Stress." 
Lateral  Strata.— See  "Strut." 
Lateral  System. — ^A  system  of  tenskm  and 
of  a  horizontal  truss,  connecting  the  oppoitta 
to  transmit  wind  pressure  to  the  pien  or 
from  passing  trains  or  other  loads,  and  to  hoidiilb 
Lath. — ^A  thin,  narrow  strip  of  wood,  used  in 
paving  blocks  in  pavements  on  heavy  gradea 
hmses.  '« 

Greoaoted  Lath.— A  lath  treated  with  creosote.       '' '^ 
Metal  Lath. — ^A  perforated  metal  sheet  used  for 
Timber  Lath. — A  lath  made  from  timber.  ' 

Lathe. — ^A  machine  tool  for  turning  various  matflrinliii 
Metal  Lathe. — ^A  lathe  which  is  used  exclusively  for 
Timber  Lathe. — A  lathe  used  exclusivdy  for 
Latitude. — ^In  surveying,  one  of  the  two  ooordinatei 
east  and  west  axis  in  a  system  of  rectangular 
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■ipert" 
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:f^i^^iLHr? 


abM81|2KF^>W  IBMMIh 
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^^^.^..^. )  :^.f' 
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•—A  iiystem  of  ban  croaijiig  ttush  other  at  iiiid4eiiilii9  itted  to  eoonail'^ii^ 
kavea  of  a  strut  in  order  to  make  tlican  act  aa  one  maolMr.   GoMfa^ih^ 
bars  aie  riveted  together  at  their  interaeotion.  - 1: 4I 

l4Meiiif.--4Sameaa''Lattlciiig/'94F.  ijxi 

l4rtticing*--&ioiieoi]dy  ined  lor ''IaqI^ 
•—To  move  heavy  bo^ea  by  puahiiig.    The  afidiag  of  a&  objeet^  irticfc«tt 


into  the  water.   A  amaH  power  boat. 
Wajai— flee  "Waya." 
Wedgee^-flee  "Wei^ea.'' 
'•  rwnmla     ft  formnila  pertaining  t6  the  fatigiie  tif  — *f^% 
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•  A;^xt 


>'::h'%] 


ffl 


pi  +  rC^-P") 


.  r  > 


^'•y  ;■* 


I 


n^    •■ 


in  "  maximum 

pi  "  repetition  limit  when  n  >■  Ol 
ft  M  minimum  atiees. 
/   "  ultimate  atatic  atiength. 
Thia  formula  doea  not  properly  api^y  to  any  part  of  bridge  engineeriiig*  1  i 

peraon  in  a  bridge  ahop  who  lays  out  the  ateelworic  with  tfinphteai  ^ 
-Ajdan  or  axrangement  of  the  parte  of  a  atructure  ahown  on  a  drawiagt    ' 
"  or  Alternatfre  l4iyeat--<)ne  of  two  or  more  different  kyottte^  or  aefafl 
^j^inr  the  aame  project.  trUV^ 

Layevt^— A  drawing  ahowing  an  elevation,  plan,  and  croaa  aeetap^  Itat^ 
^iiniBittre,  and  any  other  notee— audi  aa  borings  .  •  .^  I 

a«db-H9ee  "  Jaek." 

"Piniffli." 
eoune  of  a  nmniag  rope  from  end  to  end.   Li  a  ateam  en^niei  the  arMlllbl 
ment  of  the  vahrea.   ApaoMgeway.   The  average  diatanoe  required  to  be  tra^MM 
to  remove  the  earth  of  an  ezcavatimi  ao  aa  to  form  an  embankment,  or, the  average 

%ftUl 


-The 


i'l  V  f 


of  the  uaeful  metala  remarkable  for  its  aof tneas  and  dufability,  hairilig 


(Nrigieeifio gravity  of  11.3.   To  cover,  faaten,  amooth,  or 
•-^A  name  aometimea  ueed  for  graphite. 
Laaia-^Lead  wfaidi  has  been  cast  in  a  mould. 

I<aad     Phme  as  ''Sheet  Lead,"  q.v. 
lfiiaJ.1'  An  oodde  of  lead— uaed  aa  a  pigment  for  paint. 


■-  '-r . 


Xeadi    A  thin  plate  of  lead  made  by  paasing  a  flat  ingot  repeatedly  threu^ 


r    », 


<?«JM^ 


MW^«?^ 


Leadi    A  mixture  of  the  caibonate  and  the  hydrated  oaddea  of  lead..   Vmii 
lor  paint. 
V'^^kslored  like  lead, 
iliam     Hnn  ''Beams." 
•tiMMSanie  aa  "Lead  line.''   See  "line." 
"Pite." 

"Wheela." 
^'Jtohit. 
«>Iiie." 
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V%tt/ 


;,<>>:,  ..^g^-^^ 


,^/^i^^''^TS«.' 


''"  .^1    JHIX^  • .' 


hwi  battDy  or  ilofie  "   ""^    ^'^ 


xt^^ 


M;?*.  •  :^-^^^ 


M-r'-'v.  ;- 


P*f '^^  >: 


?«*  'Jifl 


><  -^1 


in  Mpportfng  s  kid;  e^i  1iit» 
of  an  aogMfoii  ■apawitod  bf  ite  hiiil^ 
Smr  Lflf^— A  leg  caiMble  of  tflkiig 

Loudante.-— A  eurve  wiwmhBng  ft  igriil 
of  the  point  at  wbieh  the  tanfeiit  to  tte 
dkmUur  let  fall  upon  it  Iran  the  oenter. 
Lengths — Gzteneion  from  end  to  end*   DlnlHiee 
EiiBctiTe  Length.— That  length  of  m 

designiqg  it.    In  a  girder  or  tniM  the 

Gange  Length. — ^The  original  length  maiked  mim 

the  elongation.  .  .  r 

Panel  Length. — ^The  distance  between  two 

of  a  truss. 
Unsupported  Length. — ^The  length  of  a 
points  of  lateral  restraint. 
Lens. — A  piece  of  transparent  ^ubstanoe, 
having  the  power  of  refracting  lifj^t. 
Lenticular  Arch. — See  ^'Arch." 
LenticuUr  Truss.— ^ee  ''Truss." 
Letting. — ^The  awarding  of  a  contract  to  a  bidder. 
Sub-letting. — ^The  re-awarding  of  a  conlnu^  or  a 
bidder  to  another  party. 
Leyel. — ^To  make  horizontal,  or  to  bring  into  a  plane 
to  a  common  level.     To  work  with  a  leveling 
securing  a  horizontal  line  of  sight. 
Carpenter's  Level. — ^A  plummet  attached  to  a 
attachment  of  the  plumb-line  perpendicular  to 
"Spirit  Level,"  q,v. 
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unialfar  iiiii^^ 


Jii- 
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LaifvL-— A  basty ,  prdiiiiiiuMy  levclmg'QviQr  *  fiiQp^^  ^Wtt^ 
L0V«L--A  amaS  fevteUng  imitnttMiit  held  in  tii^  kfoi^ifi 

inelflrviitkm.     .  ^  '   •*•  :.  i*"  '^-^^• 

LefA— A  Qrpe  of  haiMMsvcl  rwiiiiiNtiig  i<  ytorit  tdb9  vil&r-i: 
^iiodiited  on  tlM  iqiper  side  and  a  i«^^ 


-  'i*.i 


iHiie  field  ol  viooQ. 


i>i  '    •r*-:;- 


LeifvL— A  Fw^Mfff^fffttim!  of  tfat  Y  Ierf<d  wtlTi '  iiiniiiip firtmli[  ilKf 


.ii*fiMJ|||*, 


iii',  .--'♦«*: 


of  moiv  adotdiate  woik. 


Cr       -^ 


^A  kng  Uode  idl  ivood  or  a  metal  tenie^iMbarMi  and 
itert,  flfii^brt^  ounred  gjan  tube  oloaed  at  the  endf  and  nearlgF  iflW  Idtt^^^g^^ 


•^<i  -.lua 


bdbblfl^  thus  prodoeed,  wffl  eome^ 

'a L«veL-49killar W '*Eta«nMe^  ^v:     ^/eri  i  )>^/H.d£<  i2i^' > 

L«veL--The  elevation  at  iidiieh  water  atiti^  Kttf:|  iVn^d^'X'^ 

It  Leifd.— a  leveling  instnunent  having  ita  teleeeo|ie  in  ¥'alandaRli|iipii|iPll( 
^  of  a  rotation  theram  and  a  remoffal  ih&niiQm  wUk  a  levenal^i  elii^eM  iitota 
^  liwOitate Ihe im>6eei of  adjnati^  .'r.a^4,^#' 

fi^bookinirhiditi^feeoidlevalnntoai  .  r   .^irrxii  j^^it 

r.— One  ndio  does  levdhig  wcnk.   A  anHifl  etene  imfA'iillk^bmiidf  tf^niigllqr 
adjnattiieeievttliondf  alavge,  entatone.  >«(vr?:i:}MCrtlt   ^ 

laainBiWBt**— A  aurveyoKs  or  eni^eei^  levels  fjf,  .'  -..^ivlu > 

p^  or  LereilBg  fiod^  or  LefeilBg  Stai:r--^8ee ''iti^  ...  r.r,  u 

man  in  a  ma^tj  party  ^rlio  opeiate  the  Isve^       "-^ Kj^  ^i :M^-&infifM 
•r— Reootds  of  backHnghta,  heig^to  of  instrument,  foresi^tSy  and  itjiipliiuni 
'isinitten  by  the  observer  in  the  1^^  /   ">t  i  ri.^<»f>r 

meebaoleal  element,  or  rimple  maohine^  ixmsMng  of  n  har  oa^itfd»r|Jtae 
^  *^  any  shape  whieh  is  aetod  upon  by  two  foroesseveral|f  tendingtt<»  rotate  il^aMiiil 
iads.   Any  rcMl  or  bar  used  for  prying.  --wl  «iOii> 

Letef**— A  hand  tool  oonsisting  of  a  small  steel  bar  for  prying.  'Ai  laiBb 
;i^  whkdi  an  engme  or  a  maehine  is  started.  ^ '  >.  Vri9|ii<^y^ 

lirtfls  ef  flM  Leverri--An  earfy  day  expression  used  to  denote  the  «onittMei^^iNi||i^ 

fflbtium  of  three  foroee  in  one  j^ane.   They  are  as  foIkmB:  '      '  «!i.iW 

^     l%8<.— The  three  parallel  forces  applied  to  <nie  body  must  iNdiliofr  eadb  oliM 
and  lie  in  the  same  plane.  '  ^>  ^-i  ^^^id 

JSheaiid. — Hie  two  extreme  forces  must  act  in  the  same  daection*  '^^  ->riiU 

H^'^   iPkbd: — The  middle  force  must  act  in  the  oiqxMata  direction.  ^  ^  ^  ^mi.! 

fcwfth, — The  magnitude  of  each  force  must  be  proportional  to  the  dUtan^e 
»*f^"    between  the  other  two.  s.t  O 

Leter^ — A  controlling  lever  for  moving  the  link  of  a  valve  gear  in  asteanieQi^niu 
power,  or  the  arrangement  by  which  lever  power  is  gaineii  '^^  ^^^a 
r— The  perpendicular  distance  from  the  centre  of  momenta  to  th»  tee  ^ 
tf  af  foroe;  or  in  the  case  of  a  couple,  ih»  distanoe  bctweeai  the  Hiii^ci 
of  flie  two  equal  and  parallel  forces. 

"Bridge." 
"Hoist.''  -  V  ,n^-t 

"Jack."  :^  ir/ft^f 

.__  "Valve,"  ' '» 'i^-i^ii  >.o  tk*vi 
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^'V-vf-f-r 
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^''']^-k.r^^i 
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takflM.  AailoQiBHtenll»lrfliiilii 
Mr  flhtidi  li«M>    T  imn  whijili 


^ri 


^s£im-%:r 
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\f»r^ 


Htv  of  flawi     Ail  I  ilrtiwl  Km  vfidootd  to 


l^iinMlie  Itee.— A  lime  made  horn 

fwJiiinfttitwii  enien  into  i^fttnMwetfwni^l|fc'# 
it  the  additioiial  property  of  heidmimif^l 


■'?«ll^4-' 


"  •^v,.  .J ,  /    ^ 


Bfeogcr  Lime.-- A  imM>  tibat  k  laeldiig  ki  li»i 
Neat  Lime.— -Lime  mixed  with  water  and  vmi  IMT 
F)Mrte  Lime  or  Pnttjr  Lime.— A  tluek  wab^lmm.iii} 
Qofck  IJme. — ^The  oommeroial  Ume,  or  a 
Bkh  IJme.--Same  as  "  Fat  lime,''  qjf.  >   vf  Mj 

Silicate  of  IJme. — ^A  union  of  oMca  and  lime 
Slaked  Lime. — ^A  lime  that  has  been  mixed  wMh; 
While  Lime. — ^A  solution  or  prq>aratiop  of  hme 
Lfane-cement  Mortar.— See  ''Mortar.'' 
Ume  Kfln.-€ee  *'  Kiln."  .^^ 

Ume  Mortar.-€ee  *'  Mortar." 

Umeetone. — ^A  rock  of  sedimentary  oiigiai  0QOflialiii||r:^ 
(CaCOi).  ^; 

Dolomltic  Limestone. — ^A  limestone  containing  moee 

of  magnfHiiv.  .-.  r^-: 

Magneaian  Limestone.-— A  limestone  oontaimiig 

of  magnesia. 
Oolitic  Limestone. — ^A  granular  limestcme  in  whkh^ 
form  of  a  sphere,  producing  a  resemblanoe  in  the 
the  name. 
Lime-waah. — Same  as  white-wash  or  white  hmoi  q4f.  lj(|1 
Lhnit  Load.— See ''Load."  "^- 

Limit  of  laaaticity.— Same  as  "Elastic  Limit,"  q^. 
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.^-A  JnaaS  erastaoMa  about  tlie  liae  of  a  graitt  of  ika  sMiniiAiK  jNlifc  Ml^ 
for  ito  eiinianoa^   It  wOiin  on  the  a|if£ioa  of  imd  vttb  i(a  dMii  ipii<|||^ 
taldng  olt  at  onetime  a  byw  about  ona^Mdfiotttfai^  Itia 
in  faiaicMrii  waliecB  at  loir  water  leveL 

AuiiitofleogUi,aBOiietaithoroiietwetfthof  aaindi.  Aroweiamfttiaf.  A 
Inifti  dSmdaot  or  boundaiy.  A  kngtb  witbout  breadth,  or  tbe  traaa  ef  aiplili 
point/ ABtnD&eQrdyQrBlBiiderrope.  Amaikdiawnbgrafwiierpaaflft.  1te^p0l^ 
nr  W  the  inode  of  aoythinK.   To  keep  thingi  m  line.   A  railway.      .  ^  ^  v  (^ua .i 

Una. — The  ■horfceBt  distanee  between  two  pointa  on  the  earth'a  mabm^   r  ,iy'\ 
Unb^^A  line  adopted  as  a  fnndammtal  Mne  in  a  aarregr  firm  whidi  otiMi;  Jaea 
hm.   Ueed  in  triangtilatinn  work. 
line. — Anylineoon^Mieedof  twoormoreebraii^linea.  '  ,  .  r^ 

'a  line.— Any  li|^t  oord  or  string  etxetched  beiwean  naiby  nmA  bf^  M^ 
ipeBitfln  to  line  up  work.  -; 

line.— A  line  oonneeting  the  eeotre  pointa  of  anyttdng. 
Ilae.— A  cord  nibbed  with  dialk,  uaed  for  marking  linea  on  amlaeea  l^beiqg 
beld  taut  and  sni^iped  with  the  fingera.    Ako  the  mark  left  by  muiiMpKQi^fim^ 
Ilae.— A  line  on  a  diagram  showing  the  minimum  desnmoe  aUownd^ . , 
Itee.— The  last  line  or  side  of  a  pdygon,  drawn  or  annreyed,  wiuMi  enqioaes 
^be  area.  ,.  [  -^fi  i- 

UaOrf— A  line  joining  pcwnts  having  or  repwwenting  ecpuJ  dgvati<!>na^^  ^   ^ 
Llatf. — ^A  line  whidi  changes  direction  at  erary  point.  1^.  ^' 

Ilae.— A  line  of  referanee.    This  term  is  sometimes  inooneeUyr  npil  for 
^Datum  Plane." 
line. — ^A  rope  or  sted  caUe  used  with  pu]ley4)loekB  in  hoistii^  %itr^ 

line.— ^A  line  ocmneoting  grade  points, 
line.— -The  line  of  intersection  of  the  vertical  and  horiaonfeal  ^b^^m^ff 
nfaence.   The  line  showing  the  surface  of  the  ground  on  a  profile. 
MSiir  Lfae.— 49ame  as  "Quy/'  q.v. 

Ilae.— A  small  rope  used  in  guiding  moving;  suspended  obieets,      .         >  L  ^  i 
^JIMasalai  Iiae.--Any  Mne  in  a  hmiaontal  i^aae. 

'laiiNaee  Uae.*— A  line  whidi  represents  the  variation  of  moment^  diaary  ftMlb 

defiectfon,  or  nmilar  function  at  a  particular  point  in  the  stnietursy  doe  toa:]fii|i 

of  unity  moving  across  it. 

tiaJlBg  UaeTor  Lead  Uae.-— A  line  attadied  to  the  hammer  in  a  pile  <|iiv^.  yjj^ 

Mnb  or  eable  which  runs  frmn  the  load  to  be  lifted  to  the  firdt  sheave.qr  blo<ik;in 

~ '  a  hoisting  tadde. 

&iai  Uae.— The  line  attached  to  the  sounding  lead  for  meaauring  4he  dpplhiii^f 
^'  water,  markdd  in  either  fathoms  or  feet. 

Uae.— A  rope  or  caUe  which  carries  ihB  load.    Jn  gr^ihie  staties,  tbejfam  of 
*a  ioroe  polygon  on  which  the  loads  are  laid  off. 

Uae.— A  traverse  line  run  akmg  tiie  banks  of  a  stream  so  as  to  <^9|iii^lMl 
vMi  Hs  ehaagea  of  direction  and  to  oud)]e  it  to  be  plotted. 

line  used  to  fasten  an  object.    General!^  appGed  to  a  ve^:  of 


i,'\ 


UaOb-^The  line  of  intersection  of  the  mud  surface 
J^AMiB..  Ibe  earth  hne  ki  a  profile  of  a  river  crossing.  ,V  &d 

l|iMll^ltila«--The  true  face  line  of  a  buildfaig  regardless  of  the  pf0jeetkii|i.||f,^pj 
^    ^^^Ibe  back  of  or  inside  of  incidental  projectMms.  j    .  i      .^.^jiiitp^ 
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.—lines  forming  iha  periphoy  of  an  object  or  ficura* 
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IMi^i/--Tbt  eorcrfoi  o#  the 
IMk/— A  fiof  or  efeoMeot  o#  a 

toflOoUier*   To  ttnile  or  eomieeC   Acrookcr 

•pBi  Imk  used 

OfWO 

LM  Biiffaif^    Ht»  ''Belting.' 

lii*  BMidL    Hi«  "Block." 

liNk  ClMto.— Hm  "Chflin/' 

UNk  Uror,— Hm  ''Lever/' 

Uftk^moiiofi. — In  eteam  enginee,  a  eystein  of 

luting  the  pcNiition  of  the  cut-off,  and  starting  or 
Unlol.-A    horisontal    beam    acroeB   an   opening   lii« 

Humiuer/'  q.v. 
Unrtllo  TnuNi.~-Bee  "  TruM."  ^  ^i 

Up  Waahor.— Hoe  "  Waeher."  4. 

Llqttklato.— To  pay  off  a  debt. 
Uquldatad  Damagaa.— Damages  determined,  as  to 

by  ft  Judgment. 


^v!-.-c^'^. 


LoftC—A  load  whicli  iviieii  phoed  vpoa  ik#iiii|w|p» 


V,.,.' 
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LoadiT-Ilie  honKntal  loa^  on  a  afaFuetuBa  prodtaoaAilQr 
oauaed  by  the  Tekoily  and  maaa  of  a  mo^iriiig  #ib  i^ 

Load*-*— A  load  Ihail  ia  ooiioaiteaitod  ai  a  poinftior  dliitiihiujlidli  QHJiiiJt^iiiii 

Load^—A  load  wbkh^  if  put  on  a  meiDbar  or  s  atametuf^ ^MSmm:miP:::^ 

It.  .  '  >     •     .'      ,     ,,,.    ».-  .•    ,._    .  .,      ,;■.   ,r.    -       ^^-vrfci 

JLaad.-^The  weii^t  of  all  the  parts  of  a  brid0B  itaeiT  and  mfiiitif^ 
m  upon  it  for  any  length  of  time,  such  aa  traeb,  tiral<r  Jaaiai^  riij^ 

linei,  ^oow,  dirt,  moiBturey  etc.  .  l  •      : -       .  ;^m >>  JMii^)vf  -  > 

Load*— A  load  whieh  is  i^i^lied  to  one  aide  of  ihe^aniirfripidiMi^  ■ 

oonaequentlgf,  prodooes  a  bending  moment  on  the  pftee  tkinaidlRiicr^  il>^| 
Uatfann  Lhro  Load.— A  load  of  the  aanto  weif^t  lor  eadi^ilBifetf  ij^^ 
practically  equivalent  in  its  effect  to  an  awnimfd  typied^  livi  biHl  iw^^ 
vaiying  wheel  oonoeotrationa  with  varioua  wheel  tphmaifU'        -      j  /^  '!i^  <;lVxi-  . 
Loads-^An  ''Over  Load,' '  qjK   See  abo  "Locomotive  Exaeak?       <  . r^an >:»«  | 
Laai.— Any  detennined  load*  .:;^m 

>aloiiiaea  Load.-— A  peroentage  aflowanoe  for  imfpaet  fDoaft  Ihoufi^ 
Laad.-^A  load  due  to  ''Impact,"  q.v.  "  j 

WM LMid.-*A tnmaienped whid load.  >    .;    i   ntuiti 

Load.-^The  greatest  load  which  a  structure  is  permitted  to  ciiiiy  ihi  iol  .fbttik 
the speeifications.   Asafetyload.  ^  ^:      r  ^uH 

Load. — ^A  moving  load  on  a  stmotore.  *  .  ^ 

Load. — ^An  advancing  load  on  a  stmotuiei  >  i  .v  ^  vl  f!i 

Load.— A  load  which  produces  intensitaes  ol  stress  beyxiiid  d^  iOowdiri^ 


•I  -. 
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Load.— Same  as  "Apex  Load,''  9.9. 

Load^-€ame  as  "Dead  Load,"  ^4^4 
Load.— The  greatest  load  that  can  be  applied  to  a  meoober  wilhout  pmducing 
distortion.  .  '    i4;i«M 

Load^— A  load  that  is  not  in  motion. 
Loa4r— Same  as  "Moving  Load,"  9.0.  >  >;..^ 

LoaAr— Any  load  which  does  not  produce  stresses,  in  the  membws^  jhavhig 
iiiiiiitor  intensities  than  those  allowed  in  the  Bpecific»tiona>  !i>.vM 

ImtAu    ffanwaa  "Dead  Load,"  g.p. 

Load.— A  live  load  i^ypUed  to  any  finished  construction  as  an  ocular  proof  of 
Oalefy.   It  is  of  no  real  vahie.  ,'2 

Loader— A  load  due  to  the  kick  back  of  the  looomotive  driveni  lunniBg  on 
^pbajtails  (equal  to  the  dniw4>ar  puU),  or  the  thrust  from  a  faral^ 

Load^— A  load  which  has  been  caixied  over  from  another  part  of /tfie 
to  the  member  in  question. 
Load.'^A  load  which  is  api^ied  perpendicularly  to  the  plane  of  ;1tie 

axis  of  the  member  or  the  structure,  such  as  a  wjnd  load, 
Iisad  -^A  load  without  a  counterpoise.   Befefs  gopera^y  to  loacli  iMm 
diivwB.  .  . 
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Ital  LtdLr— A  usfiosfor 


"Nut" 


UcklMWi 

Uck  fltr-flM  ''Pit*' 

M^OOflMBBTF'fta'^^A  8w6MB  CBSI&0  WIBh^ 

<i|[tfMi  Hfwigntil  f"M^  adapted  to  tnvral  w  a 
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no  tnileridieeb. 
Alintfe  LoeMMtfre.— A 

tnileridieeb. 
Back  Itaek  LaeonotiTa.— -A  kMomottve  havlai^^ 

ito  rear  end  as  well  as  a  tnitk  m  front  of  Ika^ 
BaWan  Tank  Laeamatfre. — ^A  kMxxnotiva 
Campaimd  LaeamaliTia. — ^A  ficei|^t  fc^ccmoriva 

times  four)  on  each  sidey  in  wliieh  the  ateam  |i 

to  cylinder.  >' («cl 

Canaalidatkwi  LaeomotiTa.— A  £rei|^ 

and  no  trailer  wheels.  •  rjfj 

Dinkey  or  IHnlqr  LaeamotiTa.-— Any  small 

^diich  runs  on  a  narrow-gauge  track.   Uissd  kqtl|||| 
Doable  Ender  LooomotiTe. — ^A  looomotiTe 

engines. 
Doable  Piston  LooomotiTe. — ^A  looomotiTe  in  wllieli<^ 

with  rods  projecting  from  each  end,  and  woridi 

from  each  other. 
Doable  Track  Tank  LooomotiTe. — ^A  locomotive 

boilers  and  tenders  on  a  single  frame. 
Electric  LooomotiTe. — ^A  locomotive  run  by  an 
Firaless  Locomotive. — ^A  locomotive  driven  by 

from  highly  heated  water  carried  in  stroni^ 
Foar-cylinder  Looomotive. — ^A  locomotive  having 

of  driving  wheels.  Vj 

n^ight  Locomotive^^Any  heavy  looomotive  wbiell^^ 

one  with  heavy  wheel  concentratiims  and  small 
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^vganing  to  thexirivani. 

lM«Mlir«.--A  hflavy  frai^t  looomotbe  bav^ 

Lo€«Mlir«.— A  hesvy  looomotm  having  two  iritol,  cii^  diivlnttiiitti^ 

LocMtttdve.— A  type  of  frdglit  ensme  with  three  ooiqiM  MMnglllll^ 
^«mIi  aide  and  a  swingfaigi  two-wheeled  tmok  m  fraat.  ^'  *  - 

Loeoiiia«i?e.--A  heavy  loooniotive  having  four  pl^ 
-tnuler  wheds.  -tyw^} 

Type  LoeoBMtifa.— A  loooimotive  having  four  pact  wheele»  iik  dtMlii  irfMi^ 
and  two  traikn.  u.'. 

Loeamotive.— A  looomotive  having  hffge  diiven  need  for  hauMat  paiMiiir 


.» 
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having  two  pAoti  six  dlivlflgf  attv/Mo 
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1>pe  Loeomotifair-A 

trailer  whedb. 

LaeouMlive. — A  geared  looomotive. 

Locomotive.— A  looomotive  used  main^  for  switehing  oars  in  the  sfWda 
Locenottve.— A  looomotive  permanently  oonneeted  with  its  tender.   '      '     ^ 
Wheeled  LoeenMitfve.-^A  looomotive  with  six  coupled  driving  wiieeb,  ttodafom^ 
wlieded  truck  in  front  of  the  driven. 

Balaacei— A  spring  used  in  place  of  a  weight  to  control  the  aefoty  vahe 
^  a  locomotive. 

Boiler.— See  "Boiler.'' 
Gmt.— See  "Car." 
Orane.— See  "Crane." 
Diagram.— -See  "Diagram." 
Diirw.— See  "Driver." 

Excew-load.— An  eariy  method  for  computing  atremes  in  a  jimH  hy  iia 
of  a  untfoim  carload  with  one  or  more  engine  exoeeeee.   No  long«  enafAsyed 
>  hi  American  bridge  dewigning. 

Leeometive  faceep  Load.— A  live  load  compoaed  of  a  uniform  carioiMl  per 
Maeal  foot  preceded  by  cme  concentrated  load  end  followed  by  another  alfOut  fifty 
foot  behind,  or  the  length  of  a  locomotive  wiih  its  tender.  Tina  loadiag  ia  no 
lenger  uaed  in  American  bridge  engineering* 

Leeometive  Exceaa  load.— A  live  load  in  which  a  aing^  eonoeBlnliOn  ia 
followed  by  a  unifoim  car  load.  ^ 

—The  truck  and  ita  wheda  aet  in  front  of  the  drivem  of  a  loeodiDCive. 
"Pump." 
-Bi  mathematioB,  a  ci^e  coneidered  aa  generated  by  a  moving  pokityov  a 
amiaoe  oonaidered  aa  generated  by  a  moving  line;  the  partl^S^  indetcrmmate  poail&on 
^  a  point  aubjeet  to  an  equation  or  to  two  equationa  in  analytic  geometry;  a  tfamm 
aa  generated  by  ita  moving  tangent  or  by  a  moving  curve  of  which  It 
M  the  envelope;  any  qratem  of  pointe,  linea,  or  planea  defined  by  geneial  conditlQiii^ 
pld^  la  geoeral,  parity  indetenninate. 

dbfareviation  for  "Logarithm,"  q.v,   A  buQcy  piece  or  atidc  of  timber. 

-The  exponent  of  the  power  to  which  a  fixed  number,  called  tlie,t^p^ 
be  laiaed  in  order  to  produce  a  given  number. 
lliiBiiittm  or  Gammon  Loaarfthm.— rA  avatem  of  looarithma  in  which  th^  baae 

LigaiithlB,  or  Naperiaa  fiogarithm,  or  Nataal  l4igarMwi>— 4.  Itfrnwi 
"    hi  whioh  the  baae  ia  2.71828+.  '  \ " 

«Wi.-See  "Curve."  ...14:^^ 
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Iiii;f<ir.  Hiihya<p,ff-:  .* ... .-  .>  ^in^iun  tv>a^ 

li«r  nr  liBf  ail  flMh  nde  d  Mgr 

ol  iBollHr  part.  A» 

Mf^— A  loop  cgr»lNir  fa  wlidi 
«he  kngdi  of  tlie  Imt. 

Imp  IMdar-See  ''TWsUe.'' 

"Joini." 
"Knot." 

Ltny^— An  Eni^irii  torm  for  « tnHmrag 

]datf onn  and  four  amall  wfaeeli  uaed  lor 
it  li  uaed  to  denote  a  motor  tmelL  and  4rito 
drop4x»ttonied  oar  runnins  on  a  tiaak^ 
qwOed  "Larry." 

Lorrj  Bafl  or  Lorrj  T^adc— ^lee  "Traok«" 

Low  Bridce.-«ee  "Bridge." 

Lower  Chord.--Same  as  "Bottom  Chord."   See  ** 

Lower  I>eck.--€ee  "  Deck." 

Lower  Falsework. — See  "Falsework." 

Lower  Lateral  Bracing.— See  "Bracing." 

Lower  Laterals. — See  "Laterals." 

Low  Sted.— See  "Steel." 

Low  Water.— See  "Water." 

Low  Water  Mark.— See  "Water." 

Lubricant — Any  material  used  on  nibbing  surfaoea  to 
also  the  resistance  to  motion.  ^ 

Lubricate. — ^To  reduce  the  friction  of  two  surfaoea 
position  of  oil  or  other  material  so  as  to  lease 
moves  on  the  other. 

Lubrication. — ^The  act  of  lubricating;  the  state  of 

LulT. — ^To  bring  a  vessel  into  the  wind.    To  swing  thci 

Luff  Tackle.— See  "Tackle." 
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GLOSSARY  OF  TERMS  2015 

Lug. — Any  kind  of  a  projection  for  canying  or  supporting  something. 

Angle  Lii«.^8ame  as  "Clip  Angle."    See  "Angle." 
Lag  Angle. — Same  as  "Clip  Angle."    See  "Angle." 
Lug  Bolt.— See  "Bolt." 

Lug  Hook.— Same  as  "Lug  Bolt."    See  "Bolt." 
Lumber. — Timber  that  has  been  sawed  or  split  for  use. 
Lumber  KUn.— See  "Kiki." 
Lump-som. — An  adjective  applied  to  the  method  of  paying  for  different  kinds  of  work, 

all  lumped  together  as  one  unit.    A  single  payment. 
Luster. — A  term  used  in  describing  the  character  of  the  reflections  obtained  from  the 

fractured  surfaces  of  minerals  and  from  the  broken  ends  of  metal  test^ieces. 
Lute. — ^A  mixture  of  fire-clay,  used  to  seal  cracks  when  heat  is  applied. 

M 

Macadam. — ^A  type  of  pavement  consisting  of  broken  stone  laid  in  courses  and  rolled. 

MacArthnr  PUe.— Same  as  "Pedestal  pile."    See  "Pile." 

Machine. — ^An  apparatus,  instrument,  or  mechanical  element  for  the  transmission  of 

force  and  the  conversion  of  motion. 
Machine  Bolt.— See  "Bolt." 
Machine  Chain.— See  "Chain." 
Machine  DrilL— See  "Drill." 
Machine  Finish.— See  "Finish." 

Machine-made. — Made  by  a  machine;  used  in  contra-distinction  to  hand-made. 
Maddnery. — ^A  general  term  used  collectively  for  a  number  of  machines. 

Supporting  Machinery. — Machinery  used  in  connection  with  the  operation  of  a  lift 

span. 
Machinery  Barge. — See  "Barge." 

Machinery  House. — A  house  in  which  machinery  is  kept  for  its  protection. 
Macldne  Screw. — See  "Screw." 
Machine  Shop.— See  "Shop." 
Machine  Worii.— See  "Work." 
Macldnist  Hammer. — See  "  Hammer." 
Magnedan  Lime. — See  "Lime." 
Magnedan  Limestone. — See  "Limestone." 

Magnetic. — Having  properties  like  those  of  a  magnet — possessing  magnetism. 
MagneUc  Needle.— See  "Needle." 
Main  Diagonal. — See  "Diagonal." 
Main  Member. — See  "  Member." 
Main  Shaft.— vSee  "Shaft." 
Main  Stress.— See  "Stress." 
Maintenance  Cost. — See  "Cost." 

Maldng  Iron. — An  iron  with  rounded  teeth,  used  for  driving  home  a  strand  of  oaktmi. 
Male  Screw.— See  "Screw." 

Malleable. — Capable  of  being  shaped  by  a  beating  or  rolling  process. 
Malleable  Cast  Iron.— Same  as  "Malleable  Iron."    See  "Iron." 
MaUeable  Iron.-^Seo  "Iron." 
MaUeable  Pig.— See  "Pig." 

Mallet. — A  small  wooden  hammer  wielded  with  one  hand. 
Calking  Mallet. — A  mallet  used  in  driving  calking  irons. 
Mallet  Locomotive. — See  "Locomotive." 
Mandrel,  or  Mandril. — A  short  shaft  of  uniform  or  varying  diameter  upon  which  various 

pieces  of  metalwork  can  be  mounted  for  turning  in  a  lathe.    A  metaUic  core  used 

in  driving  Raymond  or  Simplex  piles. 
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tbfagrifilc  Bii«rf— A  map  ihiiii 
Hnei  of  oqQol  oiovalikxL  \ 
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lfMiao.--*A  fluoll  rope  made  of 

aiacmd  ropei,  oabkByOte. 
MMtaM  Spike.— See  "l^nke." 
BfaMwy.— A  genenl  torm  applied  to 
AaUar  Maflooqr.— Stone  maaonry  eompoaid  ot 

rectongiilar,  laid  in  oounea  of  mdloffai 
Brick  Bfaaonnr.— Maaoniy  oompoaed  of  bffM^ 
BMken-aahlar  Maaoorjr.— An  aalilar  mamauf 

at  intervals,  due  to  the  use  of  amalkr  IMmfM 
BMkeB-raBge  Maaeoqr.— A  range  type  of 

oontinuoue  throui^iout,  due  to  thnr  beiaf 

of  stone. 
Concrete  Maaonrj. — ^Masoniy  oompoaed  of 
CrandaDed  Maaonry. — ^Any  type  of  maaonry  In 

with  a  crandaU.    See  "Dressing." 
Cot-atone  Maaonry. — ^Any  type  of  maaonry 

smoothly  dressed  beds  and  joints. 
Doweled  Maaonry. — ^Masonry  in  whioh  dbivel 

courses  together  and  therdby  prevent  sliding. 
Dry  Maaonry. — Masonry  in  which  the  stcmes  are 
FIrat-claas  Maaonry. — ^A  term  applied  to  quany 

sontal  courses,  having  parallel  beds  and  vertioal  f 

in  thickness  nor  more  than  thirty,  and 

bottom  to  the  top  of  the  wall.   For  oompleto 
Granite  Maaonry. — Masonry  composed  of  graaito 
Green  Maaonry. — Masonry  freshly  laid,  in  wfaidi 

strength.  'f 

Random  Maaonry. — ^Masonry  composed  of  blodoi 

varying  sise  and  not  laid  in  courses.  >^v 
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'iHPB  li^  in  iwmwi  viiyiilg  in  ihiolmie§i. 

1*1  Manniiry  oonpoiad  of  wiMiiiiNd  alono.  'It  tstKf  iM^^MRliriNif 
mooufBod  riM>]6. 

kfiMHy^— A  tann  applied  to  farokiii  note idbbfeof  Mpiitar  ^ildttgr 
horimital  beds  and  TortiiMd  jointt  on  tbe  faM^  witlino ifeOM kii ttan 
idli^  indiflB  thid^  wdl  bonded,  and  ]0i!«led  aa  ^ 


f* 


^— Cnt^rtone  maaomy  in  wliidi  tbe  aionea  ara  laaaUMi^. 
fbotthidc  .^     Y:^.  r/ 

Bfaaonnr.— ^daaoniy  oompoaad  ol  aquaied  aionea  laid  in  nagM^Jir 
aouwca  of  vaiying  thiekneaa.  .?'/'. 

Bfaaonry^ — Manoniy  oonq)oaed  of  atonaa  lon^bly  dbnMaad  and  i^piaiad 
mbedaand  jdnta.  Similar  to  aafalar  niaaonry,  biit  not  bftirbg  aa  oloaa  Joialik 

Bfaaonnr*-— A  tem  appBed  to  rubble  niwn  of  n  good,  Buhit.antial  qpialilif 
laid  in  oement  mortar. 
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"Joint." 
"Pier." 
"Plate." 
Slana,    See  "Stone." 
"Wall" 
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irl^ 


.—Tbe  quanti^  of  matter  in  a  body.    It  la  meaaured  fay  the  ratio  of  ilaialgbi 
r/to  the  aeoekmtion  due  to  sra¥ity.  .        w^ 

of  Bfaaa.-— That  point  at  which  the  maas  of  n  bo4y  may  be  eonaidqped  aa 
eoneentrated  without  diatuibing  ita  equilflinum;  the  eenter  of  gmfity  ar  tht 
eenter  of  inertia  of  a  body. 

-An  iqpfii^t  poat  of  timber  or  ated,  aa  the  meat  of  n  denidc. 

Ifaat.— The  iqvight  member  of  a  demck,  at  the  bottom  of  wfaioii  the 
iKxan  la  attached  and  wbkik  ia  pivoted  ao  aa  to  aOow  the  boom  to  awiiciilter 
)way. 

well-agitated  mixture  of  several  different  amall-grained  oonatituMib  one 
M  wbadk  baa  a  cementing  or  Imiding  power. 

Maatle.—- A  maatie  compoaed  of  refined  aaphalt  and  other  eonatiliieBla^ 
ViMted  together  at  a  temperature  between  275*^  and  400*^  F.,  and  thotou^ 
pf  aoitable  appHanoea  until  the  materiala  are  con^»let4y  blended  into.a  fenmo* 
IJlMiemni  maae;  aometimea  refened  to  aa  AaphaKic  Oement. 
"Pb." 
iMrf— The  caating  at  the  foot  of  a  meat  on  wtddh  it  reata  and  tunia. 
aa  "Mattreae,"  9.V. 
>— A  fltfag  together  of  two  or  more  parte. 
illat-49ame  aa  "Tongue  and  Groove  Joint."   See  "Joint." 

qrstem  of  marking  the  parte  or  memben  of  a  atrueture^  ao  tliat 
ahraya  may  be  oonnected  up  in  exactly  the  aame  order  and  manner.        f  i - 
»^--Aiiy  aobatanoe  entering  into  the  conatraction  of  a  bridge. 

leim  uaed  in  oonnectkm  with  concrete  to  denote  the  cementing  maleiM 
fla  the  voida  of  the  aggregate. 

of  vkk  with  broad  cutting  edgea  for  digging, 
cwibination  of  wiOow  polea  and  wire  mpt  woven  together^  loailig 
ia  placed  on  the  bed  or  the  bank  of  a  stream  to  prevent  aqoialQg. 
•Mfdik."  1./ 

^laqgo  hammer  or  maOet  having  both  enda  flat  for  bealJNti     ^f;;.t 
iron  maul  heavier  than  a  <»Aiirtng  maQet. 
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:liMNiWilir--'IlMI  miMllW  Hi ,  A 

vs  UwhBBBIK  DSvllnHl  XQKWBa 

iMiMtti  fJML   flop  '^SImL'* 
li^ilkMLr-Aii  flhcit'togl  wik^ 
|Mii  JMlu— See  "^  AtcIl'' 
llelb^To  fuee  cr  liqttMy 

Omid  Mfllt-^In  the  ftirion  of 
and  Bi  wlilflh  no  get  ii  biiflg 
lfilllili-fdal»<*-Tlie  temponitiive'et 

■Uite. 
Meil-nanben.--Tlie  imiBtMrih^s  liitfi 

out  the  proceBBee  of  rolKBg  tnd  lijtffciiiflife 
MenlMr.— A  eomponeDt  part  of  a  }sM§bW 
Adjmtabie  Menber.— A  member  of  a  Mdipe^ 

or  dnniniahed  at  wilL 
Main  Member,  or  Primary  Membcrw^^A 

generally  restricted  to  tnuaea.  -    '^i 

Reduidaiit  Member.— A  eaperfluouB  meober. 


!^f^,:^tv 
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in  the  most  approved  American 
Seeondary  Member. — ^A  subordinate  part  of  «^^1 

to  the  suspenders  and  sub-diagonals  of  truaaal. 
Secondary  Tmaa-Member. — ^A  subsidiary  meAtat^' 
or  to  transfer  a  load  from  a  mid-i>anel  point  t6  a 
Tension  Member. — ^A  member  of  a  structure 
Trass  Member. — Same  as  ''Truss  Element."   8ii^' 
Web  Members. — ^The  parts  or  sections  forming  theii^ 
Merchants'  Bar.— See  "  Bar."  -t^i " 

Meridian  Section.— See  ''Section." 
Mesh. — ^An  open  space  between  the  wires  of  a  sen^ett  Hf^ 
the  netting  composed  of  wires.    Also  used  to 
another. 
Metacenter. — ^The  point  of  intersection  of  a  vertical  thii 
and  a  line  of  symmetry  through  the  center  of  glitl 
Metal. — ^As  used  in  bridgework,  this  term  means  steel. 
Babbitt  Metal. — An  alloy  of  tin  with  copper  and 
and  making  bushings.  -^ 
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Metol. 

CaDdiig  MeUL — A  soft  lead-rust  mixture  put  in  calking  grooves.   Sometimes  Portland 

cement  is  used  for  such  purpose. 
Fatigiie  of  Metals. — ^The  doctrine  which  states  that  repetitions  or  reversals  of  stress, 
when  excessive,  cause  a  deterioration  of  the  metaL    Strictly  speaking,  it  does  not 
apply  at  all  to  bridgework. 
Gun  Metal. — Same  as  '^Bronze/'  q.v. 

Pin  MetaL — ^The  metal  called  for  in  the  specifications,  from  which  pins  may  be  made. 
Pot  Metal. — A  poor  grade  of  cast  iron. 
SteiTO  Metal. — ^A  brass  containing  from  1.77%  to  4%  of  iron. 
White  Metal. — ^An  alloy  similar  to  Babbitt  metal,  but  containing  more  antimony 
and  copper. 
Metal  Uth.— See  "Lath." 
Metal  Lathe.— See  ''Lathe.'' 
MetmlUc  Tape.— See  ''Tape." 
Metal  Saw.— See  "Saw." 
Meteoric  Iron. — See  "Iron." 

Meter. — A  unit  of  length  in  the  metric  system  which  equals  39.37  inches  in  the  English 
and  American  systems.    An  apparatus  for  measuring  quantities. 
Current  Meter. — An  apparatus  for  measuring  the  velocities  of  flow  in  streams. 
Water  Meter. — ^An  apparatus  for  measuring  the  quantity  of  water  flowing  in  a  pipe. 
Metope. — ^A  square  slab,  decorated  or  plain,  inserted  in  the  opening  between  ad- 
joining ceiling  beams. 
Metric  System. — A  system  of  units  of  weights  and  measures  depending  upon  the  meter. 
It  is  the  standard  in  Continental  Europe  and  in  Latin  America,  and  ought  to  be 
adopted  throughout  the  entire  world. 
Metric  Ton.— See  "Ton." 

Micrometer. — An  instrument  for  the  precise  measurement  of  small  lengths  and  angles. 
The  usual  form  consists  of  a  screw  with  a  very  fine  thread  and  a  large  graduated 
head. 
Touch  Micrometer. — A  micrometer  in  which  the  final  adjustment  is  determined  by 
the  sense  of  feeling. 
Micrometer  Calipers. — See  "Calipers." 

Micrometer  Gauge. — Same  as  a  "Micrometer  Calipers."    See  "Calipers." 
Micrometer-measurement. — A  precii^  determination  of  the  diameter  of  a  test  piece 

by  a  micrometer-screW. 
Micrometer  Screw. — Same  as  "Micrometer,"  q.v. 

Middle-third. — ^A  terra  in  masonry  construction  used  in  connection  with  the  line  of 
pressure  to  denote  a  condition  which  must  obtain  in  order  to  prevent  tension 
at  a  joint  of  the  structure;  that  is,  the  line  of  pressure  must  pass  within  the  middle 
third  of  the  section. 
Mid-span. — ^The  centre  of  a  span. 
Mikado  Locomotive. — See  "Locomotive." 
MIW  SteeL— See  "Steel." 

Mill. — ^A  machine  for  rolling  plates,  shapes,  rails,  etc.  The  plant  where  steel  sh^)es 
etc.,  are  rolled.  To  remove  metal  by  a  circular  tool  having  teeth  as  in  a  milling 
machine. 
Boring  Mill. — A  large  machine  tool  having  a  horizontal  revolving  table  to  which 
the  object  to  be  trimmed  is  fastened,  and  in  which  the  cutting  tool,  except  for 
feed  adjustment,  remains  fixed  in  position  while  the  object  revolves.  Used  for 
turning  large  castings  and  boring  large  holes. 
Cement  Mill. — A  factory  where  cement  is  manufactured. 

Universal  MiU. — A  four-roll  mill  for  rolling  plates  on  both  edges  as  well  as  on  the 
faces. 
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ing  ito  chemical  chaimctcr. 
M«MBt-— The  tflndaicy  of  a.  ferae  to  pndnqe 

to  ranet  xototion.   Thk  tendeoegr  Ji 

lew  ami*  •'  *\ 

Beadiu  MonMat— The  moment  wUeh  piodnMi  «| 

ft  beam  or  other  member  of  ft  fltmetoiiB^  Jl 

the  productB  of  all  the  forces  by  thnr 
Ceatre  of  Momenta.— The  point  about  which  i^ 

arbitnuily  chosen  for  canvenieBoe  in 

of  forces.  ^     irr«l 

Hofiaontal  Moment.— A  moment  acting  in  a 
NegatlTe  Moment. — ^A  relative  term  used  to 

taken  oounter-doekwise.  \-%  ' 

Ofortondng  Moment.— The  moment  of  the 

a  structure.  ;  t' ^1 

PositlTe  Moment. — ^A  moment  acting  in  the  opposili^ 

or  acting  clockwise. 
Resistfaig  Moment. — ^The  moment  which  opposes 

turning    Sometimes  loosely  used  for  moment  of 
Righting  Moment. — ^The  moment  that  tends  to  iigliMPi 

ment. 
Theorem  d  Three  Moments. — ^A  theorem  used  in 

ejqiressing  the  relation  of  the  moment  at  any 

ceding  and  following  supports  in  terms  of  the 
Twistfaig  Moment. — Same  as  "Torque,"  q,v,  *  t  ^i 

Vfatual  Moment.— See  "  Virtual."  || 

Moment-area. — Same  as  "Arearmoment."   See  ''AfQft.^1 
Moment-area  Method. — The  method  for  finding 

use  of  the  moment  area  curve. 
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"Reiiitoiiee." 

•—The  qoaoiity  of  motkm  in  a  bo^sr,  measured  by  the  ptodsaci  dtit^ 
Ipio He Telodty.  ..  '    )ki< 

r«OeaalnMliiNL-- A  farm  of  reinforeed  cancrote  in  wiiieh  wire  nettiaf  4i  imnnI 
Jop  roiuOfoemflDt*  -^-rA 

-An  early  type  of  pito-drivor  hammer.  j  -  / 
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WaDrtwr^-flee  "Pile Driver."  >  -  k;!^ 

Wrendu— See  "Wreoeh."  >;-•  .A^; 

iMrtflning;  that  to  iHiidi  anything  is  fastened. 
-A  mixture  of  oement  or  lime  with  sand  and  water  foiming  a  thisk  p— li^ 
in  masonry  work  for  bedding  the  stones  and  iBlling  the  johits. 
«f  Merlsr. — ^Mortar  placed  by  canqpressed  air  fonshig  H  throng  ik^j^l^ 


Mortar.— -A  mortar  made  firam  cement* 
Merlsr. — ^Mortar  made  of  hydraulic  cement,  so  that  tt  wiU  set  trnderyatift 
Merlsr.— A  mortsr  in  which  lime  and  cement  are  used  together.  JHM 
j^  proper  mixture  for  bridge  construetian,  the  only  resson  for  its  use  being  to  reiiaoe 
fimt  costy  whieh  it  inirariably  does  at  the  expeoae  of  the  effectivenesB  of  the  oon- 
jatruotion. 

MertsriT— A  mortar  made  firam  lime.   Should  neiter  be  used  in  bridgework. 

Mertsrw— The  wetting  and  stirring  up  of  mortar  after  partial  setHmg, 
vnrahensflile  nraetiee. 
Msrtar.— The  mixing  and  woiidag  of  mortar  to  secure  a  uniformly  plastio 


.  platform  on  which  mortar  is  mixed. 
"Box." 
-The  slot  or  hole  cut  in  a  timber  to  receive  the  tenon. 
"Jomt." 
-A  machine  for  producing  or  translating  power. 
r. — A  motor  run  by  an  dectric  current. 
"Bridge." 
-The  passageway  on  a  bridge  used  by  motor  cars. 

"lion." 
form  or  modd  pattern  of  a  particular  shape,  used  in  fixing  the  shape  of  a 
mass.  Sometimes  spelled  "MokL." 

Mxidd.— A  standard  form  used  for  making  briquettes  out  of  mortar. 
Ifodd. — A  mould  used  in  forming  cement  mortar  for  testing  purposes. 
rimssM     A  flask  in  idiich  metal  is  cast  into  a  large  block  or  ingot. 
GesTir-Saine  as  "Cast  Gear,"  q.v. 
-lbs  process  of  shaping  a  plastic  substance  into  a  given  form  by  the  use 
^fqs^jds.   Also  a  decorative  member  in  construction. 

"Planks." 

"Locomotive." 
•*A  sM^S  ^  ^^^  wound  around  the  end  of  a  rope  to  prevent  raveling. 
HtNliPir-More  correctly  q>eaking,  a  movable  span.   See  "Span." 

"Cofferdam." 
"Span." 
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90d  (inmiy  pcBBtj),  ioflr 
iq>  to  0Od  Cnty  P0aBj)9  or 
CUhteg  Nafl^— A  fwintod  iMuid-toai 
Cat  Nafl^— A  nafl  wbkb  ii  eni  torn  ft 
WIro  Nafl^— A  nafl  made  torn  wim  "iMjii 

WruNiglil  Naflw— A  nail  hammoPBd  oul  horn  %}ifm. 

NflB-«itnKtor^--A  hand-tool  for  {NdiiniMiiu  n«  vii 

NaS-lmd  Spike.— See  "Spike/' 

Naflli«.block«^Bk>ck8  of  wood  inserted  in  wdb  «r 
boaidato.  ••t.^ 

NaniB  Plate.— See  "Plate." 

Naperiaa  Logarlthnk— See  "  Logarithm."  ^ 

Naamjrth'a  Steam  Hammer.— See  "  HamnMT 

Natural  Bar.-«ee  "  Bar."  { 

Natural  Bed.-«ee  "Bed." 

Natural  Cement.— See  "Cement." 

Natural  Logarithm.— See  "Logarithm." 

Natural  Scale.— See  "Scale." 

Nave. — ^The  hub  of  a  wheel. 

Neat. — Pure;  undiluted;  unadulterated.    Also 

Neat  Briquettea. — Same  as  "Cement  Briquettea,"  qm 

Neat  Cement— See  "Cement." 

Neat  Ume.— See  "Lime." 

Neat  Une.— See  "Line." 

Neat  Wort-See  "Work." 
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• — ^That  part  of  a  test  specimen,  subjected  to  tension,  which  shows  a  reduction 

of  area  of  cross-section  when  the  ultimate  load  is  reached.    To  reduce  suddenly 

the  sectional  area  of  a  piece  of  metal.    To  nick. 
P^eddng-down. — The  act  of  reducing  the  cross-section  of  a  test  specimen  by  stressing 

it  beyond  the  3rield  point. 
Meek  JoumaL — See  ''Journal." 
Meedle. — ^A  very  small  steel  rod  or  bar. 

Cement  Needle. — ^A  small  roimd  rod  weighted  with  a  ball,  used  to  determine  the 

activity  of  cement. 
Magnetic  Needle. — ^A  thin,  small  bar  of  magnetized  steel  used  in  a  surveyor's  compass 

to  determine  the  magnetic  meridian  at  any  place. 
Vkal  Needle. — ^A  small  rod,  one  millimeter  in  diameter,  mounted  in  a  frame  and 

bearing  a  weight  of  three  hundred  grams;  used  for  testing  the  activity  of  cement. 
Needle  Beam.— See  *'  Beam.'' 
Negative  Moment. — See  "Moment." 
Negative  Print— See  "Print." 
Negative  Reaction.— See  "Reaction." 
Negative  Rotation.— See  "Rotation." 
Negative  Shear.— See  "Shear." 
Nest  (<^  rollers). — A  group  of  rollers,  enclosed  in  a  suitable  frame  or  box,  which  support 

a  bridge  shoe. 
Net. — Clear  of  anything  extraneous.    Lowest  or  smallest.    Not  subject  to  any  further 

deduction  or  correction.    Netting. 
Netting. — ^A  wire    mesh-work  used  somewhat   in  reinforced-concrete  construction, 

especially  for  piling. 
Net  Section.— See  "Section." 
Neutral  Axis.— See  "Axis." 
Neutral  Curve.— See  "Curve." 
Newel  Post.— See  "Post." 

New  Yorii  Rod.— A  type  of  level  rod.    See  "Rod." 
Nickel  Steel.— See  "Steel." 

Nidging  or  Nigging. — A  form  of  stone  dressing.    See  "Dressing." 
Niggerhead. — ^A  spool  on  the  end  of  the  axle  of  a  hoisting  engine. 
Night  Foreman.— -See  "Foreman." 
Niglit  Superintendent — See  "Superintendent." 
Nipper. — ^A  block  which  slides  in  the  leads  of  a  pile  driver  and  carries  a  pair  of  hooks 

or  tongs  for  picking  up  the  hammer  below  it. 
Nipper  Pile  Driver.— See  "Pile  Driver." 

Nipple. — ^A  short  piece  of  pipe  threaded  throughout  its  entire  length. 
Nodule. — ^A  small  lump. 
Nog. — Same  as  "Free-nail,"  q,v. 

Nominal  Horsepower. — Same  as  "Commercial  Horsepower."    See  "Horsepower." 
Non-eoncurrent — ^Applied  to  non-parallel  forces  not  having  a  common  point  of  inter- 
section. 
Non-ftisibility. — ^The  ability  to  resist  fusing. 
Non-volatile  Thinner.— See  "  Thinner." 
Non-volatile  Vehicle.— See  "Vehicle." 
Normal  Stress.— See  "Stress." 
Norway  Iron. — See  "Iron." 
Norway  Pine.— See  "  Pine." 
Nose. — A  pointed  or  tapering  projection  in  front  of  an  object.,  6.^.,  the  nose  of  a  pier 

that  acts  as  an  ice-break. 
Nosing. — The  end  of  a  pier.    See  "Starling."    The  projection  on  the  front  edge  of  a 

step. 
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wbIij   a  mil  iMraim  %  90^ 
Lick  1M.--A  nni  bievlDf  flon 
llMiii    A  nnl  liiivins  ft 
dorni  on  te  pin  wtil  tl»  e40Bft  «f  .^ 
Mid  pin.  :::th*A> 

Mil  HaLr-A  voond  niil»  bieviDC  «■»  ta| 
'  ^  ORkr  that  it  BMQT  tw  pQlhfld 

ttMnilMsi  mestiBg  at  a  panel  poinl. 
lonainBdi  and  a  Lomaa  nnl  k  ^ammAitl^, 

BWit-handad  Nnt— A  nut  having  a^iiAl-teiil 
Sleere  Nnt— A  deeive  having  a  righlFiand 

at  the  other.  *^ 

S«naro  Nnt— A  nut  having  four  aide*  k  An 
Itandi  Nut— A  nut  having  a  flat  p^djaelhlV 

the  thumb  and  finger. 
U-Nnt— A  piece  of  iron  or  steel  k  the  iNii^ 

the  threaded  end  of  a  rod,  and  iHudi  nSoinll  |^' 

screw  up  the  latter.    Its  use  is  not  pen 
Wing  Nnt— Same  as  "Thumb  Nut,"  9A      ^  ^1 
Nnt-cracfcer.— A  tool  for  breaking  the  nuts  en  flp||r 
Nnt  Lock.--«ee  " Lock."  :>.«*.* 


Oainun.— The  coarse  part  of  flax  or  hemp  sepaiate4^4 
twisted  and  picked  into  loose  fibres 
of  vessels  and  caissons. 

Oblique  Arch.— See  ''Arch." 

Oblique  Crossing.— See  ''Crossing." 

Ochre. — A  term  applied  to  a  class  of  natural 
hydrated  sesquioxide  of  iron  with  various 
alumina.    Many  of  these  earths  are  used  for 
Red  Ochre. — A  variety  of  ochre  having  a  red  eolot,^ 
Yellow  Ochre. — A  variety  of  ochre  having  a  ydknw 

Octagon. — A  regular  eightHsided  polygon. 

Odometer. — An  instrument  for  measuring  distanoe  \/f: 
The  circumference  of  the  wheel  is  accurate 
attached  so  as  to  register  the  number  of  revokii 
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GIbeL — ^A  short  line  run  at  right  angles  to  a  principal,  or  base,  line.  To  move  over 
from  a  base  line  to  an  auxiliary  line  called  an  offset  line. 

Ogee  Cunre.— See  "Curve." 

Ogee  Washer.— See  "Washer." 

Ohm. — The  unit  of  electrical  resistance;  approximately  the  resistance  of  one  thousand 
feet  of  No.  10  B.  &  S.  copper  wire. 

Ofl  Bearing.— See  "Bearing." 

Ofl  Boxe8.--See  "Boxes." 

OU  Can. — ^A  can  having  a  long  tapering  spout,  used  for  pouring  oil  into  bearings. 

Oil  Groove.— See  "Groove." 

Oil  Hardening. — ^The  process  of  quenching  red-hot  steel  in  oil  in  order  to  harden  it. 

Ofl-hole. — ^A  hole  drilled  in  the  cap  of  a  bearing  for  pouring  oil  through. 

Ofl-stone. — A  slab  of  fine-grained  stone  used  for  sharpening  tools  by  rubbing  them  on 
it«  oiled  surface. 

Ofl  Tempering. — See  "Tempering." 

Old  English  Bond.— See  "Bond." 

Old-man. — ^An  iron  frame  bent  into  the  form  of  a  U  having  hooks  on  the  ends  so  that 
it  can  be  hung  to  a  bar,  a  rail,  or  the  flange  of  a  girder  and  used  to  form  a  bearing 
for  a  ratchet  drill  or  reamer. 

One  Hinged  Arch.— See  "Arch." 

One-man  Stone. — A  rough  classification  for  stone  of  a  size  that  can  be  readily  lifted 
and  put  into  place  by  one  man.    Used  to  reduce  the  cost  of  concrete. 

OoUtic  Limestone. — See  "Limestone." 

OfMidty. — ^The  degree  of  obstruction  to  the  transmission  of  visible  rays.  Used  in  con- 
nection with  paint. 

Open  Caisson. — See  "Caisson." 

Open  Crib.— See  "Crib." 

Open-dredging. — ^A  process  of  sinking  piers  by  excavating  with  a  dredge  through  an 
op>en  crib. 

Open-end  Wrench.— See  "Wrench." 

Open  Hearth. — ^The  hearth  of  a  metallurgical  furnace  which  is  exposed  to  the  direct 
action  of  the  flame. 

Open-liearth  Furnace. — See  "Furnace." 

Open-hearth  Process. — A  process  for  the  production  of  steel  by  the  oxidation  and 
removal  of  the  impurities  contained  in  a  bath  of  metallic  iron  lying  on  the  hearth 
of  a  regenerative  furnace. 
Add  Open-hearth  Process. — ^That  process  of  producing  steel  from  pig  and  scrap 
iron,  in  which  the  first  step  is  to  remove  most  of  the  silicon,  manganese,  and  carbon 
from  the  molten  mass.  Just  before  tapping,  spiegeleisen  or  an  artificial  ferro- 
manganese  is  added  to  the  charge  in  order  to  destroy  the  oxide  slag  and  prevent 
red  shortness.  The  furnace  is  lined  with  a  silicious  material. 
Basic  Open-hearth  Process. — ^That  process  of  producing  steel  from  pig  and  scrap 
iron,  in  which  the  first  step  is  to  remove  the  phosphorus  and  some  of  the  sulphur 
as  well  as  the  silicon,  manganese,  and  carbon.  This  is  accomplished  by  charging 
the  furnace  with  calcined  lime,  which  unites  with  the  excess  phosphorus  and  holds 
it  in  the  slag.  The  rest  of  the  process  is  similar  to  the  acid  open-hearth  process. 
To  prevent  the  slag  from  attacking  the  lining,  the  furnace  is  covered  with  dolomitic 
limestone.  Such  fiunaces  are  termed  basic  lined,  and  the  process  has  become 
known  as  the  basic  open-hearth  process  because  of  this  lining. 

Open-hearth  Steel.— See  "Steel." 

Open  Holes. — Rivet  holes  in  members  and  connections  left  open  during  fabrication 
to  enable  the  erector  to  connect  the  parts  in  the  field,  after  which  field  rivets  are 
driven  into  them. 

Open  Joint.— See  "Joint." 
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Oit  of  WM.— Free  from  t^ffit;  10I 
OirtpvL— The  productioa  of  mmSBt  JBiutl^ 
Oatrfgier^— A  beam  or  joiit  iwi^ieetiii'it^ 

end.  *..,-:    -^'vL^' 

Oatrfgier  HdM.--See  "Holrt.'' 
OntdMe  CaHpenL— See  "Cahpen.''  ?^1 

OntdMe  Lock  Teader.— See  "T^Mftec" 
OntdMe  Striiiiera.-^3ee  "Stringer/' 
OnL — A  cloeed  curve,  every^ere  oontes; 

curvature  at  one  end  than  at  the  oihoi^  Mt-y0^_ 
OverUowiu— A  term  applied  to  Beoaemar  fled 

overoxidifled  and  hence  inclined  to  be  wfUL 
Overiuug  Knot.— See  ''Knot J' 
OveriiaiiL — ^The  ezceas  haul  or  movement  of 

named  in  the  contract.    To  examine 

up  slack  in  a  rope  by  pulling  thereon. 
Overload  Balanced  Crane.— See  "Crane/' 
Overhead  Brachig.— See  "Bracing/' 
Overhead  Crane.— See  "Crane/' 
Overhead  Crosshig. — See  "Crossing." 
Overhead  Ghder.— See  "Giixier." 
Overhead  Stmt— See  "Strut.'' 
Overheat. — ^To  heat  metal  to  a  temperature  near 

coarse  grained  and  reducing  the  cohesion 
Overiap. — ^To  extend  over  and  rest  upon;  to  fold 
Overiapping  Joint. — See  "Joint." 
Overload.— See  "Load." 
Overmelt. — ^To  keep  steel  too  long  in  a  state  of 
Overtime. — ^The  excess  time  over  the  regular  schedule 
Overturning  Moment — See  "  Moment."  '^ 
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Ovolo. — A  projecting  convex  moulding  of  a  quarter  of  a  circle  in  section. 
Oxicle  of  Iron.— Same  as  "Iron  Oxide,"  q.v.    Also  see  *' Ochre." 


Padflc  Tyi»e  Locomothre. — See  '' Locomotive." 

Pack. — ^To  arrange  eye-bars  on  a  truss  pin.    To  insert  some  pliable  or  elastic  material 

in  a  stuffing  box  around  a  moving  rod  so  as  to  produce  a  water-tight,  air-tight,  or 

steam-tight  connection. 

Pa<ddng. — ^The  arrangement  of  the  component  parts  of  a  member.    The  material  used 

in  packing  a  piston  rod,  etc.    The  arrangement  of  bars  and  other  members  on  a  pin. 

Asbestos  Packing. — Packing  made  from  asbestos  fibre  and  put  up  in  the  form  of 

wicking. 
Candle-wick  Packing. — A  packing  made  of  cotton  fibres  and  put  up  in  the  form  of  a 

loosely-woven  cord. 
Cliord  Pacldng. — ^The  arrangement  of  all  the  members  of  a  pin-connected  chord. 
Hemp  Packing. — ^Packing  made  of  hemp  fibres  and  put  up  in  the  form  of  a  soft, 

loosely-woven  rope. 
Journal  Pacldng. — ^Waste,  cotton,  or  other  fibrous  material  saturated  with  oil  or 

grease  and  placed  in  a  journal  box  to  lubricate  the  axle. 
Jute  Pacldng. — ^Packing  made  of  jute  fibres  and  put  up  in  the  form  of  a  soft,  loosely- 
woven  rope. 
Rubber  Pacldng. — Packing  made  of  rubber,  usually  with  cloth  backing  or  insertions. 

Put  up  in  sheet  form  or  in  flexible  bars. 
Sheet  Packing. — Any  packing  put  up  in  the  form  of  thin  layers. 
String  Packing. — Any  packing  put  up  in  the  form  of  cords. 
Stringer  Packing. — ^The  arrangement  of  stringers  under  a  track  on  a  trestle. 
Wick  Packing. — Any  packing  put  up  in  the  form  of  wicks. 
Paddng-block. — A  small  member,  generally  of  wood,  used  to  retain  the  parts  of  a  com- 
posite member  in  their  proper  relative  positions. 
Packing  Boh.— See  "Bolt." 

Packing  Box.— Same  as  ''Stuffing  Box."    See  " Box." 
Packing  Diagram.— See  "  Diagram." 
Packing-pieces. — Short  pieces,  inserted  between  two  others  which  are  riveted  or  bolted 

together,  to  prevent  their  coming  in  contact  with  each  other. 
Packing  Ring.— See  ''Ring." 
Paddng  SpooL — Same  as  "Separator,"  q.v, 
Paddng  Washer.— See  "Washer." 

Pd^lie  Hammer. — Same  as  "Peen  Hammer."    See  "Hammer." 
Paint. — ^A  mixture  of  pigment  with  a  vehicle  intended  to  }yo  Hfirea^l  in  thin  coats  on  a 
surface  for  its  protection,  or  itu  decoration,  or  both. 
Graphite  Paint. — A  paint  in  which  grs^hite  is  usrd  for  the  pigment. 
Mineral  Paint. — Any  paint  in  which  a  mineral  pigment  is  uwd. 
Water-proof  Paint — Any  paint  not  soluble  in  water. 
•  Paint-bmrii. — ^Any  brunh  u«ed  for  applying  paint. 
Painter's-tordu — ^A  torch  burning  gasoline  or  gai*  umier  prfssure  prrxluced  by  forcing 

air  into  the  reservoir.     Vtvfi  for  burning  off  old  fmint. 
Paint-sidiis. — ^The  residue  in  paint  fcirmed  by  tl»p  evajxirafion  of  the  oil.     Vtted  for 

filling  small  voids  in  mifialwork  b<ffore  af>plying  tlif  j>aint. 
Pale  Brick.— See  "Brick." 

PalL — ^A  dog  in  a  ratchK  for  preventing  l>a^'kward  nuAum. 

PaDet. — A  board  on  which  grw^  brirkH  are  csirru-ii  to  tlie  dcying  place.    A  cast-iron 
tool  with  chilW  isLpj'n;  u»id  in  forging,     Al«^i  sanu*  an  "Pall,"  q.p, 

'  "Truff." 


<W^*^/*fcv.#-^ii^'^- ,. 


Kt^;.<.. 


1ifl?1*^^^..^ 


<;i^ 


^^ajf^^,' 


^•-^:; 


leRoqnaide  nldUi  It 
riiiiMtfMi  ff^9»r-*A  piywMi 

— >A  drEVfiug  ]M|Mi^' 
lettvinc it  with  aknm^mubm*         4  ii;  r^tf- 

for  aonvBoifloee  In  oountingor  in 
Otti  OTctlwFiipy.— Aittadttd 
aie  one  Ineh  on  a  side  and  the  aaooadi|p>| 
nde.  r.r^ki 

Doiafl  Ftopw.— A  toui^  papw  uied  for  poMD 
Kgf -Adl  Pl^er.— A  heavy  drawing  pefMr 

the  surf aoe  of  an  egg-ohdL 
Hnt^preimd  Peper.— A  variety  of  drawiag^, 

heated  plates.  t  ^.^^ 

Praile  Paper.— A  standard,  double-ruled  peper  K 

is  a  multiple,  usually  five,  of  the  scale  In  tlH 
Tarred  Peper. — A  paper  saturated  or  coated 
Tracing  Peper. — A  thin,  tough,  transluoeni 
Whatman's  Peper. — ^A  trade  name  for  a 
factured  by  the  Whatman  Tuik^  Milk.         -A'.-irij 
Parabob. — A  plane  curve  such  that  the  distaneejif 
called  the  focus,  is  equal  to  the  distanee  of  Ib^/ 
line,  called  the  directrix.    Also  the  curve  foiiine^^ 
plane  with  a  cone  when  parallel  to  an  fJenwwt  9t^'^ 
the  equation  ^  *  2  p  x.  -wfi, 

Parabolic  Chord.— See  ''  Chord/'  .   i>^ 

Parabolic  Formula. — ^Any  formula  having  the  foRtt^fli^^ 
Parabolic  Truss.— See  "Truss." 
Paralllne. — A  whitish,  waxy  substance  obtained  by  ifaa 
bituminous  coal,  wax,  crude  petroleum,  ete.    Jkt 
from  methane. 
Parallel. — A  condition  of  being  everywhere 
lines  and  planes. 
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«r  ViiMikr-^  MBM  glvm  td  »  method  of  ditamUNK'tlie  ■inriHint'# 
aetlof  m  tlie  naUs  plane,  by  equelraelkig  m  pareliilbfrew  iM^Hay 
and  pendlel  vnpeeliTely  to  the  foraee;  idMraiqiQB,  the  diiiOBal  of  AepiiBri^ 
win  leimemt  in  megnitiide  Mid  direetioii  1^ 
.-—A  prim  having  pewJkJegrMne  for  fa— ee.  ^ 

—A  draftanan's  inatnmMnt  tor  dnMrincparalkllinea^  wtmMo§^<i0m^ 
rakn  oooneoted  by  equal,  panlkil  links  pivoted  at  thor  enda,  eiinbfinc  ^^ 
of  the  rukra  to  be  spread  i^pwrt  a  vaiying  dii^^  .     -* .«:  Tv  ^-y^s 

Fimpet  WaH^--A  tow  waB  or  banier  plaoed  on  top  of  an  abutaofliitio'hntt 
the  earth  from  encroaching  on  the  end  of  the  qpan« 

wrap  canvass  or  rags  around  a  rope.  •  -' 

''Cement."  ^^   ^    V  c;;:?^ 

"TVusB."  ::  o\ /^:'»*! 

«8plioe."  »..^W 

mer.— Same  as  a  "SpUt  PuH^."    See^PuIl^."  . .    '  v^t 

the  Fhrat  Part.—-A  legal  tenn  for  designattng  one  of  the  partiea  eneriliiig  # 

usually  the  purehaser.  •:    't 

•«be  Second  Part^— A  legal  tenn  for  designating  one  of  the  parties  «BMltiB|rt^ 

usually  the  sdler.  ^  r;    -^.y* 

fewMtfre^— See  ''Locomotive." 

-An  instnnnent  for  registering  the  nundber  of  steps  Ukea  by  a  fiedartrian. 
also  a  "pedometer." 

"Lime."  '       -  '' -  *■•♦'••■  '*i 

smaU,  flat  cake  of  cement  mortar  with  the  edges  thinned  out;  lised^im^Mnsni 
to  determine  its  soundness  or  freedom  from  craddng,  '^  ..  * 

"Hammer." 

"Dressing." 
base  of  a  cohmm   or  piBar.     The  sole  for  the  f oundaitkm  •  of  # 


-The 


-A  model  made  of  wood  to  duplicate  the  desired  object.    It  is  used  to  taMr 
eavity  in  a  moukl  into  which  the  mc^ten  nietal  is  afterward  poored. 
"Shop." 
-A  surface  covering  for  a  roadway. 

placed  stone,  brid^  or  wood  blocks  fomung  a  floor. 
"Brick." 
*A  short  bar  pivoted  at  one  end  and  imgHging  a  toothed  wfaed^  at  the  ^H&tatf 
thereby  preventkig  a  backward  lotaikm.    Also  qidled  "PaB,"  g.9< 
cover  a  surface  with  tar  or  pitch,  etc. 
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b  slaoken  or  let  out  rope, 
ptojecthig  point;  a  cusp  in  a  curve. 
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If 


if 


"Dressing. 
A  tern  of  cant4iook  with  a  spike  in  the  end  of  the  handle  next  to  the  hooltf 

oy  tunbcr  t^ivw^t 

"Tie."  v> 

footing  for  a  tower  post.    A  bridge  shoe,  qjf,  >' 

as  "Base  Casting."    See  "Casting." 
"Oip." 
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"Pier." 
"Pile." 
"Strut." 
-That  part  of  a 


floor  set  askie  for  pedestrians.    A  foalirift* 
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pfla hii bfwn diinit in iJto mA  -dUtai 

iMirtinii'twr  to  whMh  n  wttmf  ifii 

FcrIl — A  ftone  maioa'i  411111  €f  <|MiMip 

24K  oiibiefeet,  dfiwiMJIiHI  ijq^oitloiil 
'    oouragedasfaraiiKMdble,  aiiti 
PMMtatiiNiL— The  prooen  of  ftrmmfagflr 

oi  ij^hat  fluid  tlmnii^  the  pom  of  a  idUi; 
FeffiiMioii  — 'Theactof  ettikingoaebody 
Cealre  of  Pemnielmi  —That  point  of  a 

thereon  no  reaction  wiU  be  developed  9l.ili0; 

identical  with  the  centre  of  oenillation  mA 

point  of  suspension  that  if  the  whole  mmm^- 

the  time  of  oscillation  would  remain  iineheBiiMt 
PefciuekMi  Cap.— See  ''Cap."  -  v  >.*^j 

PemiMlon  DrllL— See ''DrilL"  ..Hi 

PeffcoMlon  Fuse.— See  "Fuse."  i  ^r*; 

Perimeter. — ^The  outer  boundary  of  a  figure.  .  -;  'V  j^] 

Periodic  Curve. — See  "Curve."  '  *?*;<^^i 

Periodic  Deposit. — A  payment  made  at  regular 
Period  of  Vibration.— See  "  Vibration."  •  m 

Periphery. — The  boundary  line  of  a  closed  figure^ 
Periphery  Lines. — See  "Line." 

Permanent  Set.— Same  as  "Hard  Set."    See  "Set"       '^^ 
Permeability. — ^The  quality  or  condition  of  being 

by  liquids  or  gases. 
Perspective. — The  art  of  representing  solid  objects  on  a 

are  viewed,  the  eye  is  affected  in  the  same  mamifl|ii 

objects  themselves  from  a  given  point. 
Centre  of  Perspective. — The  point  which  is  ^*^^^f^ 

ing  points  of  two  figures  in  perspective.  -    ^^-^ 
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Perspective  Dimwing. — Bee  "Drawing. 
Pestle. — A  rounded,  pear-«b^3ed  tool  with  a  handle,  used  for  the  grinding  and  pulver- 
izing of  materials  in  a  mortar. 
Pet  Cock.— See  "Cock." 
Petit  Truss.— See  "Truss." 
Philadelphia  Rod.— See  "Rod." 
Phceniz  Cohimn. — See  "Column." 

Phosphor-bronze. — ^An  alloy  of  copper  and  tin  containing  from  one-half  to  one  per  cent 
of  phosphorus.    It  makes  hard  castings  and  has  an  ultimate  tensile  strength 
varying  from  50,000  to  100,000  pounds  per  square  inch. 
PJ^o^homs. — A  chemical  element  having  a  strong  afRnity  for  oxygen,  encountered  as 

an  impurity  in  iron  ores.    Its  presence  causes  cold  shortness  in  steeL 
Pick. — A  hand-tool  for  excavating  hard  soils,  consisting  of  a  heavy  curved  bar,  having 
one  end  pointed  and  the  other  wedge-shaped,  and  having  a  hole  in  the  enlarged 
central  portion  for  the  insertion  of  a  handle. 
Pick  Axe.— See  "Axe." 

Picked  Dressing. — ^A  type  of  stone  dressing.    See  "Dressing." 
Pickling. — ^The  treatment  of  iron  or  steel  with  dilute  acids  for  the  purpose  of  obtaining 

a  clean  surface  by  removing  the  scale  (oxide). 
Pick-pole. — A  small  pike  pole  without  the  hook. 
Pick-up  Bar.— See  "Bar." 
Plctiire  Drawing.— See  "Drawing." 

Pier. — ^A  structure,  usually  composed  of  masonry,  which  is  used  to  transmit  the  loads 
from  a  bridge  superstructure  to  the  foundation. 
Anchor  Pier. — ^A  pier  used  in  cantilever  bridges  to  resist  the  uplift  at  the  end  of  the 

anchor  arm. 
Battered  Pier. — A  pier  having  its  sides  slightly  inclined  to  the  vertical,  giving  a  larger 

section  at  the  base  than  at  the  top. 
Brick  Pier. — Any  pier  made  of  bricks. 

Buried  Pier. — A  small  secondary  pier  built  a  short  distance  from  the  main  shore 

pier  and  carrying  the  end  of  an  approach  span.    It  takes  the  place  of  an  abutment 

and  is  more  economical,  as  it  has  no  wing-walls  and  docs  not  have  to  resist  the 

lateral  pressure  of  the  earth,  because  the  embankment  spills  around  it  on  all  sides. 

Concrete  Pier. — A  pier  made  of  concrete. 

Cylinder  Pier. — A  pier  made  of  a  cylindrical  steel  shell  filled  with  concrete. 
Dnmb-bdl  Pier. — A  pier  composed  of  two  cylindrical  piers  connected  by  a  solid 

web. 
Floating  Pier. — A  term  applied  to  a  pier  sunk  to  a  great  depth  in  a  soft,  yielding, 

or  semi-fluid  soil  and  depending  for  stability  on  the  principle  of  flotation. 
Masonry  Pier. — A  pier  constructed  of  stone  masonry. 
Pedestal  Pier. — ^A  combination  of  two  pedestals  on  a  conmion  base,  but  having 

separate  tops. 
Pile  Pier. — A  pier  formed  by  driving  a  cluster  of  piles  and  capping  them  with  heavy 

timbers  in  the  form  of  a  grillage  to  carry  the  shoes  of  the  span. 
Pivot  Pier. — ^The  pier  supporting  a  swing  span  and  upon  which  it  turns. 
Pneumatic  Pier. — A  pier  sunk  by  the  pneumatic  process. 
Rest  Pier. — A  pier  which  supports  one  of  tho  ends  of  a  draw  span. 
Submerged  Pier. — A  pier  entirely  below  the  water  line. 

Timber  Pier. — ^A  pier  constructed  of  timbers,  usually  in  conjunction  with  piles. 
Piercing. — Producing  a  hole  in  a  body  by  forcing  a  pointed  instrument  through  it,  the 

displaced  material  being  forced  into  the  body.     Distinct  from  punching. 
Pier  Footing.— See  "Footing." 

Pierre-perdue.— LoHt  stone.    Rough  stones  thrown  into  the  water  and  left  to  find  their 
own  slope.    Used  for  pier  and  wharf  protection. 
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*  'M  BBSBu  Wwtt  ^iDOflB  OK 

mkHM**-— A  knit  flknckr 

far  hMidlii^  timiMr. 

f.^A  ihk^  fbi  pnieel^kmL  bam 

lor  oniaBMBltl  pmpeni.  '  .  v^^m 

kni^  heavy  poit  or  p<4e  «l 

to  cenqiaiBt  the  loil,  to  rinit  <M 

MOtalfSorae. 
AndMT  Pile.— A  pile  uied  for  the 
Bettw  POe  or  Battered  Pie^A  pile  dilnil' 
Beerhig  PUe.— Any  pile  ouTying  a  ¥«ttleil 
Ballt  Pile.-— A  pile  made  up  of  aevcrdi  paMi;''*^ 
Ceneat  PUe.— Same  as  ^'Conerote  Pf^^  f^fc 
Ghaifed  PUe.— A  wooden  pile  having  to 
CiMBowetti  PUe.— A  rolled  ooncrefee  pQe 
dab-feoted  POe^-Same  as  "Pedestal  Pik^«iif^ 
Cloiini  Pile.— The  last  pile  driven  for  dotiagm 
CofauBBar  Pile.— A  pile  in  which  the  beailag' 

hard  stratum,  depends  chiefly  on  its  aetidB  it  ip.: 
Concrete  Pile. — ^A  pile  made  of  concrete. 
Cormgated  Pile. — ^A  precast,  ti^)ered,  concrete 

ning  length¥d8e,  having  reinf <»t:ing  rods,  and  w 
Cnaiilng  Pile. — A  square  timber  pile  driven  in  a 

tically  in  contact.    This  method  <tf  pile  foundatiaft 
Disk  Pile. — A  steel  pile  with  a  disk  at  the 

It  is  used  in  soft  sandy  soils  and  requires  the 
Falsework  Pile* — A  pile  driven  temporarily  as  a 

the  erection  of  a  span. 
Fender  Pile. — A  pile  which  is  driven  at  wharii,  Of 

tures  or  other  important  works,  to  protect  tbeii 
Filling  Pile. — A  form  of  concrete  pile  made  by 

with  a  mandrel  and,  after  withdrawing  it, 
Foundation  Pile. — ^A  pile  used  permanently  in  the 
Gauge  Pile. — Ordinary  piles,  driven  at  intervals  of 

attached  wales  or  runners  against  which  are 
Gilbreth  POe. — A  corrugated  reinforced  concrete  pia 
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UlArHli.  ihBll^RVtt  kto  the  ^Nxiiid  to  raedm  oonoMitf:  ^  '^""'^-^ /iC:^^ 

Mih^-^^A^y  pife  tiiit  bill  ben  giiiik  by  B^  -^"^"^^ -^^^t^  %| 

prineqwl pile  in  a  sroiip  of  iHloi.  f^^'^Tv^ 

ttiifa^A  fMfii  bindeg  foar  Q»  moie  long  Ibt^gAxM^kul^saiik^  im 

the  pinpote  of  mereeemg  the  atea  opoeed  to  ddn  frfeUoo,  ead'ttirii^      '"^^j 

aa  meraeaed  bearing  mpmeky.  ,       ^^^:  '^f  r 

liVa^— A  i^  at  the  head  of  a  lovr  of  pika.  -   '  '  ^^  -1 

Plle.--8aiiie  aa ''Fedeatal  POe,'' 9.V.  «.:    . 

Fileair--FflBa  uaed  f or  ^Mteoiiig  boata  and  bttfea. 

lUe.— A  patented  fwie  fowned  by  drivfeg  a  ated  aheil  fato  tfce^ipiiiilf  la 
lequiied  depth,  putting  in  amaU  iquantitlea  of  oonerate,  and  hamiaMbQ||(  Ihem 
ao  aa  to  foioe  the  oonesete  into  the  earth  beyond  the  pc^ii  of  theaM^  lllia 
the  end  and  greatly  inereaaing  the  bearLig  area.    The  iMU  k^wtimiSki: 
gradilaBy,  aa  the  hide  that  it  made  18  fiUed  with  oonerete.    Ittlia^alieQ 
left  in,  the  method  woidd  be  far  more  aatiifaetoiy;  aa  the^htft'iif  tla^iiir 
HaUa  to  be  aeriouaty  imperfect.    8<»netimeB  dnbbed  a  ehdb4ooled  pM.  -  ^  '  >^ 
«rPlle.--8ame  aa  "Penetration.'' 


pile  built  of  planks. 
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Plia.--ApiledrivenverUcany,  usuallyoneof  theinaldepileaof  abeo^    ' 
Pile.— A  amall  diameter  ated  cylinder  aunk  by  the  pneumatic  pwirtiK'- 
PHe  or  Plrame«iied  PHe.— A  form  of  ooniaete  pile  made  m  a  moidd'aad 
to  harden  or  aeaaon  before  being  driven.  '  ''"^ 

PHa.— A  Ibim  of  filling  pile  in  which  a  ateel  shell  is  driven  into  tbegjNNmd, 
allowed  to  remain,  at  the  time  of  withdrawing  the  mandrel,  ao  aa  to^  IMon^^ 
for  the  hde  into  which  the  concrete  ia  poured.  '  *"  *'''  ' "* 

«r  PHa.— Thai  condition  in  pile  driving  when  further  driving  f aife  ^  ineieiii''- 
^^  penetiatkm.  -    '    ' 

PHa.—- A  type  of  concrete  pile  in  which  concrete  ia  ndled  up  in  a  irire  inerf^^'^ 
ii»  whioii  longttiklinal  reinforcing  rods  are  attached.    The  mesh  talcea  the  faiia'^ 
spiral  during  the  proeeai,  which  is  continued  until  the  desired  aiae  and' 
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nt^—^A  pUe  having  a  round  crossHwction.  ^''^ 

PHOir- A  pile  made  by  forming  a  hole  in  the  ground  and  filling.1lie  aaine%itlt^ 
Jbocoui^  tamped.  -    *^   -^"' 

Pie.r— A  ateel  pOe  dmilar  to  a  disk  pile  but  having  a  port&m  of  a  heiieQid  at 
point  ao  aa  to  enable  the  pile  to  be  screwed  into  place.  -  ^ 

PHa.'^A  form  of  piling  uaed  to  shut  out  water,  geneiaQy  made  of  iarvefil 
wpSked  or  bolted  together,  and  arranged  to  secure  a  tongued  and  0o6fiS^ 
when  driven  dose  together.    Steel  AapeB  are  also  employed  for  this  pniiiiollk^^ 
PSOir-A  type  of  filling  pile  made  by  driving  a  ateel  aheD,  haWng  a  ateii^ 
^^rto^the  ground  and  filling  aame  with  concrete  while  the  sh^  is  being^HI^ 


Pnair- A  pile  compoeed  of  two  or  more  sticks  joined  with  seaba. 
Iila--Same  aa  "Batter  Pile,"  g.».  '^'^ 

PHOi^ — A  timber  pile  trinuned  with  an  adae  into  an  approllmiMlf- 
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pile  which  stands  without  bracing. 
|il|,r«-A  pile  connected  or  anchored  by.  land  ties  with  the  main  pHea  fil  IHtf 

made  of  rolled  ateel  rods  or  shi^Ms.  '    '       ' 

4  pile  in^aee  loaded  with  a  known  weight  in  order  to  teat  lib  biltfi|| 
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POe  Vtfnfo*— Same  m  "File  Baad»'?4M^  ^   rV^' 
POe  ffSMmdirtifla.— See  "FoundaftaoiL'' 


ft 


.^^'W)a 


PBe  IiBe.-8ee  "Line." 

PBe  Pier.— See  "Pier." 

Pile  Plaiilu.-See  '<  Flank." 

Pile  Blag.— Saijie  as  "File  Band,"  9.9. 

Pile  Blag  Poller. — A  device  for  pulling  a  pile  fiB( 
been  driven.    Usually  a  cant  hook  la 

PUe  Shoe.— See  "Shoe."  . .  4*^ 

Pik  SpUce.— See  "SpHoe."  vp' 

PUe  Treetle.— See  "  Trestle." 

File  Work.— See  "Work." 

Filing. — ^A  general  term  for  a  number  of  piletf 
Sheet  Filing. — ^A  general  term  for  a  nuniber  of 
"PUe."  .  V 

Pillar. — ^A  post  or  column. 

Pillaring. — The  act  of  supplying  with  pillars.    A 

PiUow  or  Pillow  Block.— See  "Block."  ^ifi? 

PiUow  Jofait.— Same  as  "Ball  and  Socket  Joint."    See^ 

PUot  Nnt.-See  "Nut." 

Pitet  Panch.--See  "Punch."  f^ 

Pin. — A  round  bar  of  steel  used  for  connecting 
bar  which  fills  a  hole.    A  pivot. 
Centre  Fin. — ^The  pin  on  which  the  needle  ol  a 
Chord  Fin. — Any  pin  on,  or  very  near,  the  centre 
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tf  ft  ifani^  onnk. 

nitf-^-A  pin  fhftl  fitai  in  a  oroimhraid  ini  itoDUieil  itt' 
i(od.    .  '-'^ 

iMRDit  its  bdog  pushed  tbzougii  a  rivet  hole.    Used  tb  ^dbrttir  «oi^^ 

-AtriaMt^  at  ifte  end  of  a  jpatt  eoiiileM^  %  i^ 


thanhiuft  to 


of  the  ^BH  whidi  keep^  ft  hub  ftftd  Mm  lAtiftl  tvitih^^tt#i«li'# 


^H 


<-»  - 1' 


they  pesrtafai.  -*--r  -7i-»  \,-  ^ 

fli^r^  I^  whldt  foetete  together  ftejMrte'of  a  1^  or^iiiiiiro^^ 

havhic  a  eU^t  rotating  movement  dbout  eadi  otiter.   '■'■    -  -   ^'  ^'>^  '.^  ^  ^\  ;* 
fhu—- A  pin,  near  the  end  of  an  aade,  uaed  to  hbkf  on  a^beeL^  '^'     «>4iH  m 
nkr-A  vertical jiin  at  the  top  of  the  mart  of  ft  devriok.  ^    <  U^^^^^ni^ 

nt:— The  pin  hi  ft  shoe  trhidi  leedves  the  load  ftom  ft  Hfi^Bt  ft  eolriW 'S  ^: 
'Mi^— A  pin  used  ftt  the  panel  point  of  &  truae  to  eomieet  iihe  mmM'i^i^ 
membeiB.  •"  '  '''' -       =f»t'i'-Jferfrt^ ^ 

''Bearing.''  ?n»^?  ^t^itt  ' 

••^A  bridge  phi  hftving  ft  head  and  a  nnt  .        -^ft^r  - 

Btf^-See  "Bar."  ^        -.     -M*i  =^,.'*r^J^>    - 

•^A  tenn  applied  to  the  mel^iod  of  Joteing  the  BtettiMCi  oi'Clnlitfl!jP 
jpitta  instead  of  using  riveted  eonnectionB.  ^    ^..  m 

tnwfc—See  "Truss.*'  .;  S  f>r 

j"DriIL"  .  ''^ 

ii— A  q;woies  of  the  ooniferB,  or  evergreen  tree&  '^^'^  ^iiti.  '^ 

Pliie^-A  variety  of  pine  tree  of  large  rise.    It  has  a  wideg  ringed^  ■  boiiiUy 
r,  and  softer  wood  with  a  larger  area  of  sap  wood  Uian  the  long^leiif  ^flaifcw 
Its  needM&e  leaf  IS  of  short  length.  .. '-  \:^i,..i^y\  - 

l4mi  Yellow  Pine.— A  variety  of  pine  tree  of  large  siie,  having  a  haidi  tese^ 
wood  and  ft  needle  leaf  of  great  length.  :..r^ 

PfaM^-A  variety  of  pine  tree  of  large  siae.    The  wood  is  large|sr  fl^Hrood 
iiid  not  dundble.    Grows  in  small  scattering  groves.  .   ■     *>.  ^'i<^ 

Yellow  Pine.— A  variety  of  pine  tree  resembling  the  Idhkiily  gM"  ind 

ittving  a  wood  approaching  that  of  the  Norway  pine.    Its  needle  leaf  is  sborter 

diat  of  the  loblolly  or  Norway  pine.  "^ 

Pine.— A  variety  of  pine  tree  of  small  siae  and  soft  wood.    It  has  a  diort 

iiOedkylike  leaf.  '^^'^ 

or  Pln-cgBded.-— The  condition  of  having  a  pin  connection  at  the  end  ^'li 

^limnber.  '"^  "'^^'^ 

am.— See  "Column."  -  '- 

See  "Filler."  ^    '»;^ 

bole  in  a  member  through  which  the  pin  passes  and  connects  with  otfi# 

"Cutter."  -    *«''» 

>  jc^-.  toothed  gear  of  small  siae  as  compared  with  the  gear  mlatk  k  i0 

.—A  small  lantern  wheel    See  "Wheel."  .r,  .^- s^ 
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Mi  1M^-Bn  "Nut"       r 

. '  SiMyir-Att  Bkl^Ul  tOTH  lot  ^tkWHtmi 

1^  fin    fhnw  w  "FiM  Mnk.**  |(M^ 
P|p»  CN  ■Mill).— A  deiaol  ia  mi  ja^iimf^' 

Midi  tiMlliBSaltJIIIK  OOQiifWtitti 

PliiM.  Atobe»>copdttit»mlioBofir 

Btow  P|^—- A  i^  thioui^  K^ibii  imtiiiiii 

tube  thioui^  wliidi  air  is  foroed  a^.^f 
Caal4ras  P|pa.--7P^  made  of  Mat  iiioa. 
Dilp  Flpe^— A  niall  pqia  naed  to  aaiivir,ia|||| 

ateam  pjpa. 
JaC  Plfpa.-— A  pipe  uaed  in  jetting^  haTinc  a 

aiqiply  hoae  at  the  vpper. 
Mat  PIpa.— A  short  section  ol  gM  or 
Gaa  P|pa.    Small  wxoui^t  iron  pqie. 
Lead  F|pa» — ^Pq>e  made  by  squeeiing  lead 
Laricalad  Pipe. — ^A  pipe,  having  an  inaide 

eleotrio  wires. 
Spiral-riTeted  Pipe. — ^A  pipe  made  of  long^ 

form  and  riveted  together. 
SacCion  Pipe. — ^The  pipe  running  from  a  pnacq^:!^ 
Weeping  Pipe. — ^A  pipe  embedded  in  the  maaoi9l3| 

from  the  top  or  back  of  a  pier  or  abutment. 
Wronght-iron  Pipe. — ^Pipe  made  from  rolled  irofi^ 
Small  sises  are  butt-weldedy  while  laiger 
Pipe  Clamp.— See  "Clamp." 
Pipe  CoopUng.— See  ''Coupling.'' 
P^  Cotter.— See  "Cutter." 
Pipe  Die.— See  "Die." 
Pipe  Joint.— See  "Joint." 
Pipe  Line.— See  "Line." 
Pipe  Rafl.— See  "RaU." 
Pipe  Tongs.— See  "Tongs." 
Pipe  Union.— See  "Union." 
Pipe  Vise.— See  "Vise." 
Pipe  Wrench.— See  "Wrench." 


>■<)  ■?,' 


Vvf* 


?*^l 


'•-liV 


0 


^ 


GLOSSARY  OF  TERMS  2037 

Piping. — A  general  tenn  used  to  denote  a  group  or  system  of  pipes  taken  collectively.     A 

defect  in  rolled  steel  due  to  cavities  that  were  formed  as  the  ingot  cooled.   See ''  Pipe." 

Piston. — A  movable  disk-like  piece  fitted  to  fill  the  cross-section  of  a  pipe  or  cylinder 

and  capable  of  a  backward  and  forward  motion. 

Air  Piston. — ^The  piston  that  works  in  the  air  cylinder  of  an  air  compressor. 

Double-acting  Piston. — A  piston  that  is  subjected  to  fluid  pre8siu*e  on  each  side 

alternately. 
Sin^e-acting  Piston. — A  piston  which  is  subjected  to  periodic   pressure  on  one 
side  only. 
Plston-liead. — Same  as  ''Piston/'  q.v. 
Piston  Rod.~See  ''Rod." 
Piston  Valve.— See  "Valve." 

Pit. — ^The  effect  of  steam,  water,  or  gas  on  metal  causing  small  holes  to  appear  on  the 
surface.    A  hole  in  the  ground. 
Foundation  Pit. — An  excavation  in  which  a  foimdation  is  placed. 
Lock  Pit. — ^A  pit  in  which  the  locking  machinery  is  installed. 
Working  Pit. — ^The  excavation  made  for  a  foundation. 
Pitdi. — ^The  distance  meastu*ed  along  the  pitch  line  from  center  to  center  of  teeth  on  a 
cogwheel.    The  slope  of  a  roof.    The  distance  from  center  to  center  of  rivets. 
The  distance  between  the  adjacent  threads  of  a  screw.    The  degree  of  descent  of 
a  declivity.    A  thick,  tenacious,  black  or  dark-brown  substance  obtained  by  boil- 
ing down  tar.    The  resinous  sap  that  exudes  from  pines.    Bitumen  or  asphaltum, 
especially  when  imrefined.    To  smear,  cover,  or  treat  with  pitch. 
Cliord  Pitch. — The  distance  between  centres  of  teeth,  measured  on  the  chord  of  the 

pitch  circle  of  a  gear. 
Circular  Pitch. — ^The  distance  between  centres  of  teeth,  measiu^  on  the  pitch  circle 

of  a  gear.    AJso  called  the  pitch  of  the  tooth. 
Diametral  Pitch. — In  English  practice,  the  ratio  of  the  diameter  of  the  pitch  line  to 
the  number  of  teeth  which  is  equivalent  to  the  ratio  of  the  circular  pitch  to  7r. 
In  American  practice,  the  ratio  of  the  number  of  teeth  to  the  diameter  of  the 
pitch  circle  in  inches,  which  is  equivalent  to  the  ratio  of  7r  to  the  circular  pitch. 
Pitch  Qrde. — ^That  circle  of  a  gear,  passing  through  the  teeth,  having  a  diameter  which 

measm^s  the  velocity  ratio  of  the  gear  in  respect  to  another  which  engages  it. 
Pitched  Dressing,  or  Pitched-face  Dressing. — See  "Dressing." 
Pitching  Chisel.— See  "Chisel." 

Pitching  Tool. — ^A  hand  tool  used  by  masons  for  cutting  the  arris  on  a  stone. 
Pitch  Une.— See  "Line." 
Pitch  of  Rivet.— See  "Rivet." 

Pitch  Streak. — A  well-defined  accumulation  of  pitch  at  one  point  in  a  piece  of  timber. 
Pitch  Wheel.— See  "Wheel." 
Pitman. — A  rod  which  connects  a  rotating  with  a  reciprocating  part  in  an  engine  or 

other  machine. 
Pit  Planer.— See  "Planer." 
Pit  Saw.— See  "Saw." 

Pivot. — ^A  pin  or  shaft  on  which  any  object  turns. 
Pivoted. — ^Arranged  to  work  on  a  pivot. 
Pivot  Gearing.— See  "Gearing." 
Pivot  Joint.— See  "Joint." 
Pivot  Pler.-See  "Pier." 

Pivot  Span. — ^A  span  in  a  bridge  that  revolver;  called  also  "draw-span"  and  "swing- 
span." 
Plato  Dressing.— See  "Dressing." 

Plato  Hammer. — Same  as  an  "Engineer's  Hammer."    See  "Hammer." 
Plato  Bod,— See  "Rod." 
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To  polkh  meUJb  bgr 
pieoe  of  loaibflr  ^HMoat 

hnt^^ti^  In  ^Biil  miipf  mid  fipOB  ||||( 

iiiioe  Fink,  or  Pdjr  ftwir.    Ag 
felloe  of  a  mbed  »ad  tfaue  ijnifiallhi 
bridgesi  a  fdkw  plank  is  often  pbovi 
vehideB  paanng  ham  one  aide  to  Hie  otfMi^ 

Floor  Flank.— A  plank  used  bk  the  towkig^iii 

Gang  Flank. — A  short,  tenq>oraiy  ]dank  neait 
or  other  vessel  to  a  wharf.  * .  ,v  .  ^tf 

Hub  Flank.--See  ''Hub." 

Monldinc  Flanks. — Planks  on  ^diich  onamental 
condition.  .       .^c:^ 

PUe  Flanks. — Planks  driven  like  piles.  .^   ^^ 

Flank  File.~See ''Pile." 
FlanUr-The  fixtures,  machinery,  tools,  apparatoiv  ipi|^; 

facturing  or  erecting  business. 
Plate. — A  flat  piece  of  metal  or  wood. 

Anchor  Plate. — ^A  square  or  rectangular  plate^  or 
bolt. 

Base  Plate. — ^The  foundation  plate  of  metal  on  whUl 
the  end  of  a  bridge  rests.    This  plate  is  usually  S0^ 

Batten  Plate. — A  stayed  plate  at  the  ends  of  a 
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termed  tie  plate  or  stay  plate. 


^ 


Beam-hanger  Plate. — The  plate  beneath  the  ends  of  ai 
nuts  to  press  against.  '  ^ 

Bearing  Plate.— A  plate  which  receives  the 
on  another  plate. 
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»>! 


W«b  Ftato^-aee  «W«b  Plate.''  >^-r,c;^f 

Fkiev^A  plate  Hied  to  oono^jBt  two  or  warn  :niMpbtta>-  gf  #.  ipipirt!  '"'..tDfl^''  -'  T  ^j 
Plato.-^  8teel  plate  bent  into  a  aeciea  ct  pmM-$ifmmMtA^^ 

cispsBlion  therete;  atop  or  bottooi  plate  ol  a  fhatd  members  <       <  i.  v»i  >  ^'^^ .  H;^^ 
f1ated--A  etiffening  plate  ueed  in  the  inteMofr  id .m -mtiii^imM^ 
letettigtfi  and  iJ0l£^4    ••  ,-.  .  v  ■..■^-><'-*tffji^<^'';^i^ 

TWa^-^A  plate  having  tapend  faolee  tfatoni^  ^rldA  i*ai#ee  i>«l|WU*M^#?^ 
Hate.r-aee  "Jaw  Plate."  -    -i-^«i^.':sj^'^^ 

Plated-— A  plate  ueed  te  fill  open  ^Moee  undv jnfnhen or  paite  liieriiit  .ir?^  A''^l 
flirta.r-8ame  as  "Bpliea  BarJ'    See  •'Bae.^r  v  .      I    .Jt»8«^:  v^ 

Matey    Same aa *^Cover Hate^'' ffjii     .      .  -/i.ia^;i-^ 

t  Jlaterf^A  lilate  in  a  eompaund  wood  and  ateel  beam.  ,:  ^v^ts       v.V  ^\^ 

Pkte.— A  large  oonneoting  plate  ueed  at  panel  pointe  to  }o^  tfai^jMA Mid 

:iiib  mombeiB.  i^'-^*'-'.*.  wr»a>.'i^l^ 

Platey-rA  guawt  plate  oonneoting  the  h^Mrarftieal  to  either  tlie«tep;iOiP  the 

cheinL  -c'tft/ 

riite-    A  plate  oontaining  a  pw^llvrf*  lor.hhiipbiig  the  end  of  ^^jneaobeiS^ 
Plated— A  plate  having  a  hole  or  a  ring  attached  for  tying  lines  thereto^  i     ; 
Plate.r— The  unsupported  portion  ol  the  end  of  a  cwnpreanon  nieaibet  aeipiiifi4 
tas  *^ter  the  outstending  legi  of  iflange  sngles  havvbeen  out  aiway^  andtit|^pli 
.fla|ee»   which  extend  bdow  the  transviBne  dkpfaiagiii  to  aBow  tfaa  |Mohiii^#l 
llUMr  membera  on  the  same  pin.  ai»iii^'9* 

Plated— A  plate  used  under  a  bridg&«hoe  for  the  paxpoee  of  dis^iANilini 
^Aa  load  on  the  maaonxy.  .    ?W:iMt*i 

Plate.— ^  plate  attadied  to  a  bridge  (blowing  the  names  of  the  designeri^ibM- 
eator,  and  erector.^   Sometimes  other  names  are  added.  «  iin^ii.t*i 

Plata. — ^A  plate  riveted  to  the  outside  of  the  end  of  a  member  torfivMriKN 
^ditkmal  strength  and  greater  bearing  on  the  pin.  ./;  ^.-^..^i 

Plated — ^An  extra  i^te  used  to  reinforoe  or  strengthen  a  nMaibcr«if  ,^«(ei 
Plite.-— A  bed  plate  on  which  the  rollers  of  the  e^^Mnsicm  end  Of  a  tniaiii^il$ 
Pkie.— Same  as ''Scab/' 9.V. 

plate.— A  pbte  sheared  from  another  laiger  plate.    Any  plate  llie  edpssirf^ 
I'lvvldoli  are  aheared. 

Plata.— A  plate  used  as  a  shim  for  increasing  the  elevataon  of  a  beamg. 
dilate. — The  bottom  plate  <d  a  shoe  resting  on  the  masonry. 

Plate. — A  cast  iron  plate  used  to  separate  from  the  molten  metiA  the 

amount  <tf  a  slag  which  comes  out  <tf  the  furnace  therewith.  vt  n^ 

Platow — A  plate  riveted  to  the  bottom  iflange  of  a  plate  girder  to  bear  onlhil 

finafonry plate. .  i  *^  ' 

^Piitey— A  plate  used  in  splicing  or  joining  two  parte  of  a  member.  .>  .-  v   ^ 

Hate>,   Dame  as  ''Batt^  Plate/'  9.9.  r.  /{ 

i^>|te.i    flnme  a«  "Batten  Plate/'  q,v.    A  pLate  used  between  a  rail  and  a  tie. 

Plate*— A  plate  riveted  on  to  the  end  of  a  member  and  jpi  njcintinji  tll(JMltt<t 


t. 


■1 


oadjBr  to  make  a  connection  with  another  member. 


»^  <- 


^>Utlil*| 


*^- 


r>.T 


v<.. 


'-.^^^ 


^iM 


u**' 


^^%^s 


■J^m^M 


I?.'- 


£?&:i- 


?s^rfi- 


iMHldlOQlte 

-Hit  Mioan  lilodk  «l  tbe 
fliii    AgpaflModcflf  any 

ileel  uied  to  drive  biiPWB  llii 


\ '-., 


:^-  -^.v 


'h«^v 


,  -->  «*^i 


■^  'i'-'M 


it^' '  - 1- 


iii]^J 


AisirfaidMB  fl|Mrt»  to  a 

pli«  belwen  than.    Tkb  wiuitiiii 

holok 
Pk«  CML-^-See  "Cock.'' 
FtattsdL-— {kopped  iq>  with  a  phis* 
Phwei  Rifet.— Same  as  "Odkad  Bhrci."^  fli^' 
Ffauobir— Vertical. 

Phwbafa.n-^3aiiie  as  ''Graphite,"  qM. 
Phnnb-bob.— A  conical  piece  of  metal  attaslwJ 

^aee  an  object  in  a  vertical  pootion  or 
Ptamb  IiBe.-«ee  "Line." 
Ptamb  Pile.— See  "Pile." 

Ptamb  P^iat— See  "Pbet."  i^: 

Ptammer  Btodc.— Same  as  a  "Pillow  Bloek."    See 
Plummet. — A  ball  of  metal  attached  to  the  end  eC  a^ 

<rf  water.  V 

Ptanger. — ^The  piston  in  a  pump. 
Ply. — ^A  tenn  used  to  designate  the  number  of  layien  hi  ^ 

a  four-ply  belt.  i^t^ 

Pnemnatlc — Pertaining  to  air,  processes  using  airy  or 

air. 


die^ljr 


•  ;.■«-*»  •»: 


Pneamatic  Caisson. — See  "Caisson."  '^l 

Pnemnatlc  Car.— See  "  Car.'' 
Pnemnatic-clippers. — Shears  or  clippers  operated  by 
Pnemnatlc  Cutter.— See  "Cutter."  ?• 

Pnemnatic-cylinder. — ^The  cylinder  of  a  pier  sunk  bgr 

cylinder  in  an  air-compressor  in  which  the  air  i 
PnemnaUc  I>rill.— See  "  Drill."  i 

Pnemnatlc  Elevator.— See  "Elevator." 
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^>^cA.- . .; .  ^.       ilfjOflBftiT  Of  illillli  -r:^;'-^'-?^^ 
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^>i0'^- 
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t^-' 
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;^*iH'iffV1lWi-     ■.•-,-;•■•■' 

iMi  ^A«  fljo&iL''    Stoe^Hoirt/' 

Piocew.— The  prooMi  of  arnldng  oakmw  bgr  pumping  Air.l|ift»  ^|||pilii| 
V  in  Offdir  to  eidude  the  water,  and  ibeniby  effording  %  igf'.w§m^illJl^ii^Uh. 
may  he  earned  on.  t^4^      ' 

Bif«lcr.r-^«ame  ae ''Air  Riveter/'    See  "Riveter." 
BhrettBg  6vL— See  "Qun." 
A  reeeoB.    A  hde  in  rolled  meta]^  aa  a  einder  pcMdcet.  '.'-'''WMi: 

Facfcet— A  pocket  made  in  roUed  eted  hy  loDiBg^eindetB  inloi 
may  either  remain  or  drop  out  of  the  rolled  ptodtiet,  leaviog 


Motion 


PadBet— A  hraeket  or  podcet  cazvyiiHS  ^  eUding  end  ol  a 
fkiiiaiiig  Praceai.— A  method  of  freenng  qpiiickBand,  soft  mud,  or  aJBti; 
tobea  dorwn  into  it  and  oireulating  a  freenng  mixture  throui^  them 
^ipmoundiDg  material  is  converted  into  a  fttMMn  mass  like  a  wall.. 
^j^lieB  he  earned  on  inskie  of  the  wall.  J^^n^' 

PracfiM     flnnifl  as  the  "Poetach  Freeiing  ProoeBB,"  qj9.  ,JThil  twnr 
laed  to  denote  the  American  ri^^t,  held  by  Mr.  CSiarlea  SoQynnithi  toswHier 

^($m  taelh),r-^8ee  "TVjoth." 

(ileae  dreaitng).— A  short  sted  bar  with  one  tapering  end  sharpened  to  a  pcdati 
l|y  maaona  Ibr  dressing  stope.  ..i^v^m 

Hi iimlng>~-See  "Dressing." 
«f  Cwtt.— On  railroad  woik,  the  point  at  which  a  tangent  ends  andii^.^nyfe 
called  P.  C.  ..';.< 

«f  IntenectfoB.— The  point  where  two  tangenta  cross.    Used  in  rnilfOid  imfc 
end  called  P.  I.  i.^,.- 

of  Tangent. — ^In  railroad  work,  the  point  where  a  curve  ends  and  a  tungenl 
^ftommences,  called  P.  T.  r  r  .  rr 

awttdu— See  "Switch."  w/ 

I'a  Balia.— The  ratk>  of  the  lateral  deformation  to  the  knigitudinal  datonwiltol' 
^ander  longitudinal  external  forces. 
-Relating  to  a  pole  or  axis. 
Arib.— See  "Axis." 
qaordinatea.— See  "Ckwidinates." 

Pfatanre.— Same  as  "Pole  Distance,"  q.v.  1 1 

• — ^An  equation  connecting  polar  coordinatea. 

"Inertia." 
"Planimeter." 
-Any  long,  round,  slender  piece  ol  wood.    Either  ol  the  extremities  of  the  axis 
ajphere.    A  point  about  which  an  object  rotates.    A  point  from  whiA  lines 

Pela^-Same  as  "Leveling  Rod."    See  "R6d." 
FelOir— A  slender,  painted  pole  having  red  and  white  bands  alternatpgitQ 
r^Tgm  distinotness.    Used  by  surveyors  in  sighting  and  running  lines. 
}jKKm4,  .Boo    Axe. 

-The  perpendicular  distance,  in  a  force  diagram,  from  the  pole  t(^JJh^ 
iKna.      •  . 

-A  longitudinal  timber  resting  on  the  ends  of  tie-beama  of  roois;  nasilor 
the  feet  of  the  common  or  jack  rafters. 
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tflcm  k  i^vlM  to  tlie  partel  fa«Mle#    ^'^ 
ttmr  FottaLr-A  partel  cm  hiiptm  tifM'^-^* 
PMtel  Bradi«.-8ee  "Bradni.'' 
PMtel  Bod.— See  "Hod/'  -     '^'' 

PMtel  Strat-&e  <'8init." 
FUrtfand  Geannt.— €ee  "Oement." 
PMiud  Cement  Cencroto.— See  "Gooerele.^ 
PMiud  Cement  Gront— See  ''Qiout." 
PoritiTe  Moment.— See  ''Moment." 
PMMTe  Print.— See  "Print." 
PMtiTe  Renction.— See  "Reaction." 
POflUhre  Rotation.— See  "Rotation." 
PoflUhre  Shear.— See  "Shear." 
Pott. — ^A  vertical,  or  nearly  vertical,  com] 
Batter  Poet.—Same  as  "Batter  Braoe."    See^'l 
Beam-tmasing  Posts. — ^The  short. 
Centre  Post. — ^An  intennediate  post  on  the 

bent.  ^'  ^^ 

Collision  Post. — An  auxiliary  post  placed  near  Hie 

shock  of  a  derailed  car  or  engine  and  prevent  it 
End  Post. — ^The  post  at  the  end  of  a  truss.  '  ^  '^-^^^ 

Fixed  Post. — ^A  pKMt  having  fixed  ends.  •  ^^^ ' 

Handrail  Post. — A  post  supporting  the  handrafl  and 

member  of  a  handrailing. 
Hinged  Post. — ^A  post  having  one  or  both  ends 

the  structure. 
Inclined  End  Post. — An  inclined  compression  membci^ 

called  "  Batter  Post  *'  and  "  Batter  Brace." 
Intermediate  Post. — A  post  between  the  two  outside 
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Joggle  Post. — ^A  post  built  of  two  or  more  pieces  of  timber  held  together  with  dowels 

or  joggles.    A  poet  having  Bhould^:8  to  receive  the  feet  of  struts;  a  king  post. 
King  Post — ^The  middle  post  standing  at  the  apex  of  a  King  Post  Truss.    See  **  Truss. ' ' 

Also  called  ''Joggle  Post/'  q.v, 
Newel  Post. — ^The  principal  post  at  the  angles  or  at  the  foot  of  a  stairway. 
numb  Post — ^A  vertical  post,  usually  applied  to  timber  construction. 
Queen  Post— The  vertical  post  in  a  ''Queen  Post  Truss."    See  "Truss." 
Snubbing  Post — ^A  post  used  for  snubbing  or  attaching  loosely  a  line  to  check  the 

motion  of  a  boat. 
Sub  Post. — ^A  secondary  poet  used  in  a  subdivided  panel. 

Tower  Post. — ^A  mepaber  of  a  tower  which  carries  load  directly  to  the  pedestal. 
A  tower  colunm. 
PfMt  Extension. — Same  as  "Jaw  Plate,"  q.v, 
PfMt-hole  Auger. — See  "Auger." 
PfMt-Oak. — ^A  variety  of  white  oak. 
PfMt  Reamer. — Same  as  "Post-hole  Auger,"  q.v. 
Post  Truss.— See  "Truss." 
Potential  Energy.— See  "Energy." 
Pot  Metal.— See  "Metal." 
Pounce. — Powdered  talc  or  chalk  used  for  rubbing  on  tracing  cloth  to  remove  the 

slightly  greasy  surface  so  that  the  ink  will  adhere  better. 
Pound-foot. — ^A  imit  of  moment,  equal  to  that  produced  by  a  force  of  one  pound  acting 

with  a  lever  aim  of  one  foot. 

Powder. — Same  as  "Gun  Powder,"  q,v.    An  explosive  used  for  blasting.    Any  very 

finely  pulverized  substance.    To  reduce  to  powder.    To  pulverize.    To  sprinkle 

with  powder. 

Power. — ^The  rate  of  doing  work.    Often  loosely  used  for  force,  strength,  or  resistance. 

Horsepower. — ^A  unit  of  power.      See  "  Hordepower."     Also  a  machine  by  which 

the  power  of  a  horse  can  be  made  available  for  doing  useful  work. 
Water-power. — ^Power  developed   from   moving  water;    also  appUed  to  any  plant 
used  for  generating  power  from  moving  water. 
Power  Capstan. — See  "Capstan." 
Power  Crane. — Same  as  "Coliunn  Crane,"  q,v. 
Power  Hammer. — See  "Hammer." 
Power  House. — ^The  building  containing  the  machines  and  equipment  used  in  generating 

power. 
Pozznolana  Cement — See  "Cement." 
Prairie-type  Locomotive. — See  "  Locomotive." 
Pratt  Trass.— See  "  Truss." 
Pre-cast  PUe  or  Pre-monlded  PUe.— See  "Pile." 

Precipitation. — ^A  general  term  for  the  several  kinds  of  moisture  from  the  atmosphere 

deposited  on  the  earth's  surface,  such  as  dew,  mist,  rain,  frost,  snow,  sleet,  hail,  etc. 

The  process  by  which  a  substance  in  solution,  after  another  substance  has  been 

added,  reacts  upon  the  latter,  forming  a  new  insoluble  compound  called  precipitate. 

Precise  Level.— See  "Level." 

Present  Worth. — The  present  worth  of  a  sum  of  money  due  a  number  of  years  hence 
is  that  principal  which  at  compound  interest  will  produce  the  desired  amount  at 
the  end  of  the  given  time.    The  present  worth  of  a  sinking  fund  is  equal  to  the 
present  worth  of  the  amount  of  the  fund,  and  is  the  sum  of  the  present  worths  of 
•   the  deposits. 
Press. — ^A  machine  for  exerting  pressure  upon  an  object. 
Backle-plate  Press. — ^A  machine  for  pressing  sheet  steel  into  buckle-plates. 
Boll  Press. — Same  as  "Gag  Press,"  q,v. 


f^«SM 


*^.. 


bgr  a  ivtalnmg  wan  or  «i 
—The 


V^^^ 


*  ^i  ,fi 


»*''rLl 


•  :.iti 


QMge^— fiee  ''QMige;'' 
PkWtor.—A  needle  point  momiled  in  a  kaadh^ 
poBftkm  of  a  point  on  one  \km.  to 
priddng  throui^ 
PHdi  Puch.— See  "Punch."  .  -^ 

PkteMuy  MMBber.—€lee ''Member/' 
PkteMuy  Straoa.— flee  "Strav." 
Prinwiy  Traae.— See  "Trufls." 
Prime. — To  pour  water  down  a  pump  m  ofder 
Primer. — ^The  first  coat  of  paint  on  a  etfucture;  an 
Prindnf  Coat— The  first  ooat  of  paint  on  a  etmefeM 
PrindpaL — ^A  sum  of  money  upon  which  intereit  ll 
Principle  of  Least  Work.— See  "Least-wrak." 
Print. — ^An  impression;  a  copy. 
Bine-print. — A  copy  made  onblue-prmt paper 
Negatlye  Print — An  intermediate  print  from 

made. 
Poaltiye  Print. — ^A  blue  line  print  on  ^priiite 

without  a  negative. 
Van  Dyke  Print. — A  print  made  on  Van  Dyka 
Printing  Frame.— See  "Frame." 
Printing  Machine. — An  apparatus  for  making  bi 

light. 
Priamoid. — A  solid  having  two  parallel  plane  baaea 

lines.  ■■*-, 

Priamoidal  Formula. — A  formula  for  finding  the  exael 
Let  Ai  =  area  of  one  base,  t 

At  =  area  of  other  base,  .vfi 

M  B  area  of  middle  section  parallel  to 
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Let  {    »  distance  between  bases, 
Y  =»  volume, 

o 
Prison  Dressiiig.— See  ''Dressing." 

Profile. — ^The  outline  of  a  vertical  section  through  a  country  or  line  of  work,  showing 
actual  or  projected  elevations  and  hollows,  generally  with  the  vertical  scale  much 
greater  than  the  horizontal. 
Profile  Book. — A  surveyor's  note  book.    A  case  in  which  a  continuous  strip  of  profile 

paper  is  carried. 
Profile  Paper.— See  "Paper." 

Progression. — ^A  series  of  numbers  bearing  a  definite  sequential  relation  to  each  other. 
Arithmetical  Progression. — A  progression  in  which  any  term,  other  than  the  first,  is 

derived  from  the  preceding  term  by  adding  a  fixed  quantity. 
Geometrical  Progression. — A  progression  in  which  any  term,  other  than  the  first, 
is  derived  from  the  preceding  term  by  multiplying  the  latter  by  a  fixed  quantity. 
Projection. — ^The  act,  or  its  result,  of  constructing  rays  or  lines  through  every  point  of 
a  figure,  according  to  some  system  or  law,  and  extending  or  projecting  them  to 
some  plane  upon  which  the  figure  or  object  is  to  be  represented. 
Isometric  Projection. — A  mode  of  geometrical  drawing  in  which  three  planes  are 
projected  at  equal  angles  upon  a  single  plane,  and  all  the  measurements  are  upon 
the  same  scale;  used  at  times  to  show  machinery,  buildings,  etc. 
Chthographic  Projection. — ^That  system  of  projection  in  which  the  rays  are  paralleL 
This  is  the  system  which  is  most  largely  used  in  engineering  work. 
Prony  Friction  Brake.— See  ''Brake." 
Proof  Load.— See  "Load." 
Proof  Strength.— See  "  Strength." 
Prop. — ^A  temporary  support  or  extraneous  brace. 
Pry. — ^A  lever.    To  raise  with  a  lever. 

Puddle. — ^To  compact  and  work  into  place,  as  to  puddle  concrete.    To  convert  cast 

iron  into  wrought  iron  by  melting  and  stirring  in  a  reverberatory  furnace.    A 

mixture  of  sticky  clay  moistened  with  water,  used  to  stop  leaks  in  cofferdams,  etc. 

To  place  such  a  mixture. 

Puddle  BaD. — ^A  lump  of  red-hot,  plastic  iron  taken  from  the  puddling  furnace  for 

hammering  or  rolling. 
Paddle  Bar.— Same  as  "Muck  Bar."    See  "Bar." 
Paddle  Cinder.— See  "Cinder." 
Puddle  Dyke.— See  "Dyke." 
Puddler. — ^A  workman  who  is  employed  in  the  process  of  converting  pig  iron  into 

wrought  iron.    The  attendant  at  a  puddling  furnace. 
Puddle  Rolls.— See  "Rolls." 
Puddler's  Candle. — One  of  the  jets  of  flame  which  spring  from  molten  iron  while  the 

carbon  is  being  removed  in  a  puddling  furnace. 
Puddle  Steel.— See  "Steel." 

Puddle-train. — ^A  set  of  rolls  for  rolling  puddle  balls  into  muck  bar. 
Puddle  WaU.— See  "Wall." 

Puddling.— The  act  of  making  a  puddle.  See  "Puddle." 
Dry  Puddling. — ^The  old  process  of  puddling  iron  in  which  very  little,  if  any  of  the 
phosphorus  was  removed,  while  the  sand  lining  of  the  furnace  combined  with  the 
iron  which  was  oxidized,  thus  causing  a  heavy  loss. 
Wet  Puddling. — The  present  process  of  puddling,  in  which  the  furnace  is  first  charged 
with  fluxing  cinder  or  "hammer  slag"  (oxide  of  iron)  and  then  with  gray  iron.  After- 
wai^  the  charge  is  heated  so  that  the  iron  and  the  flux  form  a  pasty  mass,  which 
is  thei.  stirred  with  puddling  bars. 
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one  fast-driven  puU^,  wfaanlqr  twii 

wHhpidkgrBof  the  mom  diamflto 

one  <tf  the  loose  puUeya. 
IMven  PoHef.— The  pullegr  wUoh  lessifSfe 
DrtvfBg  PoHef •— Tlie  pullegr  tnHvndttim 
Fast  PoHef •— A  pulley  idueh  is  fastened  tof 
flat-rope  PnUejr.—A  pulley  haying  a  flat  hmj( 

winch  passes  a  flat  rope. 
Frame  Pulley. — ^A  type  of  pulley-block 

or  grooved  pulleys  turn. 
Friction  Pulley.— A  pulley  which  tnnsmits  its 

rolling  surfaces  instead  of  by  teeth. 
Guide  Pulley. — ^A  pulley  employed  to  alter  tibst^i 
Idle  Pulley. — Same  as  ''Loose  Pulley/'  qjfm 
Jockey  Pulley. — ^A  small  wheel  running  against  the' 

the  rope  or  chain  in  its  groove. 
Loose  Pulley. — ^A  pulley  which  turns  loosely  ott 
Parting  Pulley.— Same  as  "Split  Pulley,"  q,v. 
lading  Pulley. — ^A  pulley  with  a  clutch 
Split  Pulley. — ^A  pulley  made  of  two  parts,  held 

that  it  can  be  removed  from  its  shaft  without- 
Stepped  Pulley. — A  pulley  having  a  stepped  face  sgr: 

thus  permitting  of  a  shifting  of  the  belt  and  tha 
Pulley  Block.— See  "Block." 
Pulley-check. — ^An  automatic  device  to  prevent  the  ssp^i 

the  pulley  block. 
Pulley  autch.— See  "Clutch." 
Pulley  Sheave.— See  "Sheave.^ 
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ili  dtambflc,  owMJng  the  wator  to  mtf  ttplil  H^wmgi »  wart»flfc.#i^ilii^lli|iljr     -v^s. 

TMm  by  whuBh  it  k  eipelled  ^teomli  the  diidiMp^  iNp9»r;r9^      /^^i^?^  ,  y\ 

1  FuHp* — A  {nmqp'ca^loyiiig  an  nndlnMi  i^hrin  intirWod  ill  inliwfili  i^ltik |))|^||iji|    :  ^ ' ; 

flai^fiiilvBporjkliftoite 

an  uneooDomio  devioe. 

Frav^-^  fMl  pump  jfor  Ixulfin.  ^»v;U  ^»yf;«irt  ?;^|t^ 

Punp.— A  pump  employing  a  water  iet  to  entzam  9k  mad  ^SamAgt  l'^^ 
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and  wet  Mod  into  a  eharaber  where  it  is  oaui^t  by  <the  jet  and  etrtWii  Mirtt 
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a  ditchaq^  pipe.  .i^tu*!.  / 

a  VooadalieB  PaBq^ir--A  pinq»  epeeiallr  tMiaptei  to 

.pralwP«n#ir--Tfiameas^'DoQkqrIHimPb''^  t^ft^r^ 

jPuapv-A  punq>  wwked  by  man  power*.  ^         :^'>u<'* 

Piiwp."   A  pump  with  ite  i^Jindew  in  a  horiaental  powtiefcti         a«>^  li^-i 
Puap.—- A  pump  having  its  delivoey  pipe  attadied  to  tibe  puoip^bfMpsdl^ 
^eomieetioii.  'Jt^.v*% 

•Any  ptmip  in  which  the  fluid  is  impaled  thiooi^  the  diaAaigi  V^pf 
aetlon  of  a  jet  of  the  same  or  another  fluid.  i.u  L  ntii'l 

Fnap.— A  portable,  hand-lever  pump,  ueuaUy  provided  with  an  atti(|h|fi|inl 
an  air  ehamber  and  a  noule  to  which  a  hoee  may  be  attached, 
hnvur— A  pump  having  a  pylinder^th  a  miction  valve  at  its  lower  end  wUeh 
eqoneeted  by  a  miction  pipe  to  the  water  mipply.  The  movable  pietoo  hat 
upward  opening  valve  to  Uiat  the  water  may  pasB  throu^it  oa  tJiO  ctowiiwiini 
and  lift  by  it  vdien  cloeed  on  the  uppw  stroke.  *      ^  St.>f> 

PuBp<— The  feed  pump  which  mipplies  water  to  a  looomotive  boOer. 
jhiaii  — -A  pump  used  fcnr  pumping  mud  out  of  an  ezcavatioii,  umiaQy  A  eea^ 
pump,  although  K>metime0  a  jet  pump,  mich  as  the  Eads*  pump  is^eil^iieyttf. 
Puap.— Same  as  "Pulsometer,"  q.v.  *  j 

pump  that  lifts  water  by  the  rotary  motiott  of  its  partSi        '  t' 
pump  for  nusing  sand,  such  as  the  Eads'  pump, 
pump  that  raises  water  by  creating  a  partial  vamium  or  suolM' 
machine  for  forcing  or  shearing  holes  in  metal.    To  make  a  hoie  wi^iil 
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\*9aA  PaHcii  or  B.  A  O.  Piuich.~A  hand  tool  used  by  erectors  for  baeking 
««t  of  the  xivet^le  that  portion  of  the  rivet  remaining  after  cutting  off  the  head, 
y^  osSed ''B.  and  O.  Punch."  ^ 

PandL — A  marking  punch  that  makes  a  small  indentation  in  steel  so  as't6 
the  centre  for  a  rivet-hole.  .       w 

machine  that  punches  two  or  more  holes  at  one  operation.  . 

le  as  "Gang  Punch,"  q.v. 
machine  punch  in  which  the  cutting  tool  is  provided  with  a^snal 
flhig  Whidi  fits  into  a  hole  in  the  material  and  acts  as  a  guide  for  pundHiit 
biumarhble. 

hand  tool  for  marking  metal.    A  centre  punch.  -^^%> 

punching  machine  that  is  <^>erated  by  means  of  a  laldiet  llftlA 
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Panclu 
Single  Paneh. — ^A  punching  machine  that  makes  one  hole  at  a  time. 
Spacing  Punch. — ^A  punch  with  an  arm  extending  horisontally  and  having  on  the  €od 

of  this  arm  a  small  tool,  called  a  epotter,  which  engages  a  template  woAiug  oa  t 

frame,  to  which  is  attached  the  sheet  to  be  punched.    Whai  the  frame  is  movfd 

so  that  the  epotter  enters  the  hole  in  the  template,  the  punch  acts. 
Square  Punch. — ^A  machine  for  punching  square  holes. 
Sub-punch. — ^To  punch  a  hole  smaller  than  the  rivet  to  be  used,  so  that  the  injured 

metal  may  be  removed  by  reaming  out  to  sise. 
Template  Punch. — Same  as  ''Spacing  Punch,"  q,p. 
Punching  Machine. — Same  as  '' Punch, *'  q.9. 
Punish. — ^To  subject  material  to  vo-y  severe  or  abusive  treatment. 
Purchase. — ^A  firm  or  advantageous  hold  used  in  prying  a  heavy  object  with  a  crov- 

bar.    A  pivot,  a  fulcrum. 
Purchase  Blociu.-See  ''Block." 
Pure. — Unadulterated. 
Pure  Stress.— See  "Stress." 
Purlin. — A  piece  of  timber  laid  horizontally  upon  the  principal  rafters  of  a  roof  to  sap- 

port  the  common  rafters  on  which  the  covering  is  laid. 
Push. — ^To  strike  or  iorce  with  a  thrusting  motion. 
Pusher. — ^A  sub-foreman,  in  charge  of  one  gang,  who  sees  that  the  men  do  the  wwk 

assigned  to  them  as  rapidly  as  possible. 
Put-log. — ^A  horizontal  piece  supporting  the  floor  of  a  scaffold,  one  end  being  inserted 

in  a  hole  left  in  the  masonry  for  that  purpose. 
Putty. — A  paste  composed  of  soft  carbonate  of  lime  and  linseed  oil,  used  by  gUziecs 

for  holding  window-glass  in  a  sash. 
Putty  Joint— See  "Joint." 
Putty  Lime.— See  "Lime." 

Q 

Quadrangular  Truss.— See  "Truss." 

Quadratic  Equation. — ^An  equation  of  the  second  degree,  or  one  in  which  the  highest 
power  of  the  imknown  quantity  is  the  second. 

Quadruple  Block.— See  "Block." 

Quantities. — ^The  amounts  of  materials  to  be  handled,  expressed  in  the  customary  units. 

Quarry. — ^An  excavation  from  which  rock  is  obtained. 

Quarry-faced  Dressing. — See  "  Dressing." 

Quarry  Moisture. — ^The  moisture  held  in  the  pores  of  recently  quarried  rocks. 

Quarry  Sap  or  Quarry  Water. — See  "Quarry  Moisture." 

Quartered  Tie.— See  "Tie." 

Quartz. — ^A  hard,  translucent  mineral  occurring  in  either  crystalline  or  massive  form. 
One  of  the  constituents  of  granite,  sandstone,  and  sand.  Chemically,  it  is  the 
oxide  of  silicon  (Si  Oi). 

Quay. — A  wharf,  q.v. 

Queen  Post— See  "Post." 

Queen  Post  Truss.— See  "Truss." 

Quenching. — ^The  hardening  of  steel  by  dipping  in  a  liquid,  such  as  water  or  oil.  Some- 
times molten  lead  is  used  for  this  purpose. 

Quick  Ume.— See  "Lime." 

Quick  Sand. — ^A  very  fine,  silt-like  sand  saturated  with  water  so  that  it  has  no  stability. 

Quick-setting  Cement— See  "Cement." 

Quiescent  Load. — ^A  load  that  is  stationary. 

Quirk. — An  acute  angle  or  recess.     A  deep  indentation.     The  incision  under  the  abacus. 
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Quoin. — An  exterior  solid  angle  in  masonry.    A  wedge-like  piece  of  stone  or  metal. 
To  wedge  or  raise  up. 

R 

Rabbet. — ^A  half  groove  along  the  edge  of  a  board.    To  cut  such  a  groove. 
Rabbeting  Machine. — ^A  machine  for  cutting  rabbets  in  boards. 
Rabbet  Joint.— See  ''Joint.'' 

Rabble. — ^A  bar  with  one  end  bent  at  right  angles  like  a  poker,  used  in  puddling  furnaces. 
Rabbling.— Same  as  "Puddling/'  q.v. 

Rack. — A  straight  iron  bar  having  teeth  for  engaging  those  of  a  gear  or  a  worm.    Used 
to  convert  rotary  motion  into  rectilinear,  or  vice  versa. 
Ron  Rack. — ^A  rack  on  which  a  pinion  works. 

Worm  Rack. — A  rack  having  oblique  teeth  on  which  a  worm  meshes. 
Rack  and  Pinion. — ^A  combination  of  a  rack  and  a  pinion  working  together. 
Rack  and  Pinion  Jack.— See  "Jack." 
Rack-circle. — ^A  rack  bent  into  the  form  of  a  circle. 
Racked-back. — Built  in  steps  or  offsets. 
Racking. — Shaking  so  that  the  connecting  rivets  are  loosened  and  the  structure  thus 

permanently  injured. 
Rack-rail.— Same  as  "Rack/'  q.v. 
Rack  Tooth.— See  "Tooth." 
Radial-am. — ^A  crank  or  rod  revolving  about  a  centre  at  one  end,  such  as  the  crank  of 

a  windlass. 
Radial  DriU.-«ee  "Drill." 
Radial  Rod.— See  "Rod." 
Radial  Strut.— See  "Strut." 
Radian. — ^The  unit  of  circular  measure  equal  to  an  angle  which- has  a  subtending  arc 

of  the  same  length  as  the  radius. 
Raoius  of  Curyature. — See  "Curvature." 
Radius  of  Gyration.— See  "Gyration." 
Radius  Tool.— See  "Tool." 
RattDog.-See"Dog." 
Rafter. — One  of  the  timbers  or  joists  in  a  roof  to  which  the  boards  are  fastened. 

Jack  Rafter. — One  of  the  short  rafters  used  in  a  hip-roof. 
Rag-Bolt.— Same  as  "Bar  Bolt,"  q.v. 
Rag  Wheel.— See  "Wheel." 

Rafl. — ^A  specially  shaped  bar  adapted  to  a  particular  purpose.    It  may  be  of  wood, 

stone,  concrete,  or  metal.     Generally  used  for  supporting  vertical  loads. 

Base  of  Rail. — ^The  bottom  of  any  rail  laid  in  final  position.    It  generally  determines 

the  elevation  from  which  the  heights  of  the  various  parts  of  the  structure  are 

measured. 

Flange  Rail. — ^A  raU  having  on  one  side  an  elevated  edge  or  flange  to  keep  the  wheeb 

from  running  off. 
Girder  Rail. — ^A  deep,  heavy  rail  used  for  street  cars  in  cities.    Its  cross-section  is 
similar  to  that  of  an  I-beam  with  a  projection  on  top  forming  the  tread  of  the  rail. 
Grooved  Rail.— Same  as  "Girder  Guard-rail."    See  "Guard-rail." 
Guard-raU.— See  "Guard-raU." 
Guide  RaiL — An  additional  rail  placed  inside  of  and  close  to  one  of  the  ordinary  rails 

to  prevent  trains  from  leaving  the  track  on  curves. 
Handrail. — ^A  railing  of  concrete,  stone,  wood,  or  metal  placed  on  top  of  posts  or 
balusters  to  form  an  open-work  construction.      Used  on  the  sides  of  bridges  to 
prevent  persons  and  animals  from  falling  off. 
Lorry  Rail.— Same  as  "Lorry  Track."    See  "Track.' 
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to  eleir  otwtnigtiom  on  i4iBffTiK j|fii#! 

Safl-Mk.— -A  device  und  on 
altar  dodog  the  draw. 

SdkMi  CvfM.--8ee*"0iunrefti^ 

irrihiai  Jack.— 49Aiiie  as  "Track  Jack,''  f Jw 

Ralroad  S^pike.— Same  as  "Traek  Bpa»,**tM» 

RaD  Saw.-flee  "Saw." 

RaD-aectkNL — ^The  crofla-aectioii  of  a  laiL 

RaD  g^pika.— Same  ae  "Track  Spike,''  qj». 

RaD  SffUee^-flee  "Sf^oe." 

RaD  Tongs.— See  "Tong^." 

Raflwaj  Bridge.-{lee  "Bridge." 

Raising  Hammer. — See  "Hammer." 

Rake. — ^The  inclination  to  the  vertical  which  g 

Ram. — ^The  hammer  of  a  pile  driver;  a  heavy 
bridge. 
Battering  Ram. — ^A  beam  of  timber,  genoaQgr 
home  bridge  pins.    Sometimee  it  is  made  em 
large  pins  are  to  be  driven.    A  railroad  ra&  Is 
ram. 

Hydraolic  Ram. — ^An  automatic  device  by  wkkdi'lte 
quantity  of  water  is  suddenly  checked  and  a 
Owing  to  the  momentum  of  the  water,  the  av 
the  water  enters,  until  the  said  momentum  ii 
outlet  valve  in  the  supply  pipe  a  new  flow  is  set 
checked,  causing  an  additional  supply  to  enter  tki 
crease  the  previous  pressure.    This  interior  air 
out  of  the  discharge  pipe  which  ends  at  a  hiij^ier 

Rammed. — Driven  with  great  force,  as  a  pile  is 
of  the  hammer. 
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Bisp.— A  wwp  having  a  narrow,  leetMigtitor  crewjieetioiiu 

Hasp.— A  rmsp  having  a  scpiidjotiiar  eross  soetion*  %>::>{  ^i 

-A  mechanism  eoDsisting  of  a  ratdiet  niieel  and  a  paid  otpHftAk  '^^akail^ 
of  a  rack  and  pawl),  sb  ananged  that  a  movenient  of  the  pawl  Iti^oiie^^finBo* 
oausfs  a  partial  levolutiim  irf  the  latdiet  niieel  wlule  a  i eviaee  'iUdlfat-^tlie 
iMKirl  has  no  effeet  thereon.    It  is  often  called  a  "Oiek/'  ^      ^  ^^^'^-^ 

Baidwt,  <»r  Stoanboat  Ratdbet— An  apparatus  for  pulling^  ewMlrting  tUtnteiik 
^*  lumng  Intiamal,  opposing  threads  at  the  end»  and  a  ratchet  and  handkrlAirlttiMiitl 
tt»  same.    Stdtab^  threaded 'rods  with  links  and  hodks  at  tiie  octtQ«<  eikUi  itMiril 
into  the  sleeve.    The  tunung  of  the  sleeve  screws  np  on  the  rode  eaiiiiD#  thein 
approach  each  other. 

CoaiHaf.— See  "Coi;q>ling.''  :nT"i4 

"DfilL"  V.  *  »K 

"Jack." 

"Punch." 

"Reamer." 
"Wheel." 

"Wrench." 
"Strain."  -^^ 

"Formula."  >- 

"Me." 
-A  cylinder  with  ends  closed,  as  in  a  barrel,  set  on  trunmons  for  rotating.    It  is 
'Hjieii  for  ft1<Mtnmg  small  caetings  by  rolling  and  tumbling  them  over  eadi  ^»tMr, 
afao  for  making  abrasion  tests  of  stone,  brick,  etc. 
a  rattler. 
"Pile." 
4!ll0  IhuM  in  a  force  diagram  drawn  from  a  selected  pole  to  the  ends  of  itie 
Ifaies  rspresenting  the  forces  in  the  load  line.    See  "Force  Diagram*^     ^ 
diitance  or  limit  within  which  a  machine  can  qwrate,  as  the  reach  of  a 
Also  used  to  denote  an  unbroken  stretch  of  a  stream, 
passive  force  set  up  in  opposition  to  an  initial,  active  force,  e.  g*^  tha  ij^ 
f%niMre  on  the  bottcnn  of  a  beam  resting  on  a  support^  equal  in  uutMUs^^ 
■imWjiiwaid  pieasureirom  the  beam. 
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r.— fibme  as  "Poit4iob  Aijipliv^ 
Brtchct  BMBMr.— A  reamer  rolaled  byJk 
Baawiiwgi— Cttttiiig  with  a  reamer  a  order  to 
BiMuatai-bit— -Tbe  cutting  tool  need  wiili « 
Bnaiaing  Iiwu— A  round,  tapering  tool  uMi 

A  reamer.    An  iron  tool  need  to  open  ^tm 

may  be  more  readily  oalked. 
Bebnte.— Same  as  "RaUbet,"  94^. 
BocarirariBalkm.—- Theaddingof  oazbon  in  aokne 

in  aome  eteelmaking  proceee  in  order  to  bbtafal 

in  the  finished  product.  *^ 

BeceiTing  Valre.— See  ''Valve." 
Bedprocal. — ^The  quotient  resulting  from  the  dMA|i 

reciprocal  of  that  quantity.  * 

Bedprocate. — ^To  move  alternately  back  and  fortii. 
Reconnoiaance. — ^A  preliminary  investigation  in  tho 
Bectangle. — ^A  plane,  four-sided  figure  having  four 

equal  and  paralleL 
Bectangnlar  Coordinalea.— See  ''CkKvdinatea.^' 
Red  Lead.— See  ''Lead." 
Red  Ochre.— See  "Ochre." 

Red  Short. — ^A  condition  of  brittleness  in  iron  at  red 
Red  Short  Iron.— See  "Iron." 
Reduced  Load  Contour. — A  graphical  means  of 

ent  loads  coming  upon  a  structiure,  so  as  to  gitO 

any  point  by  the  ordinate  to  a  curve  known 
Reduced  Scale.— See  "Scale." 
Reducer. — ^A  pipe  coupling  for  joining  pipes  of 
Reduction. — ^The  production  of  metal  from  ore. 
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Rednndant  Member. — See  "Member/' 

Reef  Knot— See  ''Knot." 

ReeL — ^A  cylindrical  drum,  spool,  or  frame  upon  which  is  wound  a  rope,  chain,  or  hose. 

Reentrant  Angle.— See  ''Angle." 

Reeye. — ^To  pass  a  rope  through  a  pulley  block  or  an  eye. 

Reference  Hub.— See  "Hub." 

Referencing. — ^A  method  of  fixing  the  location  of  a  line  or  point  by  measuring  from  it 
to  some  permanent  object  and  recording  such  measuring  for  future  recovery  of 
the  said  line  or  point. 

Refined  Iron. — See  "Iron." 

Reftige-bays. — Platforms  built  on  the  side  of  a  trestle  or  bridge  tM>  that  men  and  hand- 
cars can  be  gotten  out  of  the  way  of  approaching  trains.  Also  vertical  recesses, 
large  enough  for  several  men  to  stand  up  in,  left  in  the  side  of  a  wall  adjoining  a 
railroad  track.  * 

Reftual  of  PUes.— See  "  Piles." 

Regeneratiye  Fomace. — See  "Furnace." 

Regular  Course.— See  "Course." 

Regular  Cnrve.— See  "Curve." 

Re-heating. — ^Heating  a  second  time;  used  in  tempering  steel. 

Reinforced  Concrete. — See  "Concrete." 

Reinforced  Concrete  Floor.— See  "Floor." 

Reinforcing  Bar.— See  "Bar." 

Reinforcing  Plate.— See  "Plate." 

Relaying  Rails.— See  "Rail." 

Relieving  Arch.— See  "Arch." 

Render. — Same  as  "Reeve,"  q,v. 

Repair  Unk.— See  "  Link." 

Repeated  Stress.— See  "Stress." 

Rephosphorisation. — ^Adding  phosphorus  when  too  much  has  been  removed  during  the 
manufacture  of  steel. 

Replacing  Switch.— See  "Switch." 

Repose. — ^Inaction.    Rest. 

Angle  of  Repose. — The  angle  of  inclination  to  the  horizontal  of  an  inclined  plane  on 
which  a  body  will  be  just  upon  the  verge  of  motion. 

Re-railing  Guard.— See  "Guard." 

Reset.-^To  place  in  position  a  second  time.  The  second  set  in  mortar  which  has  been 
distiurbed  after  setting  up  the  first  time. 

Residual. — ^Pertaining  to  or  having  the  nature  of  a  residuum.  Remaining  when  all 
required  constituents  have  been  removed. 

Residual  Deformation. — See  "Deformation." 

Residual  Shear.— See  "Shear." 

Resilience. — ^The  amount  of  energy  which  can  be  stored  in  an  elastic  body,  up  to  a  given 
stress  per  square  inch,  and  which  can  be  given  out  again  by  the  body  as  useful 
work. 
CoeiBdent  of  Resilience. — ^The  amount  of  energy  absorbed  per  imit  volume  of  the 
body.  This  is  affected  by  the  class  of  deformation  whether  axial,  bending,  or  tor- 
sional; hence  there  are  three  kinds  of  coefficients  of  resilience. 
Work  of  Resilience.— See  "Work." 

Resiliency. — ^The  property  possessed  by  an  elastic  body  of  absorbing  energy  as  it  is 
deformed  and  returning  same  when  released. 

Resilient. — Having  resiliency. 

Resistance. — The  passive  opposition  or  reaction  to  any  action. 

Axis  of  Resistance. — ^A  line  connecting  the  centric  of  resistance  of  successive  sections 
of  a  member. 
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total  momentum  beloii  iiiq[Met|^iv  «! 
Biitiilu  if  StoiL--8ei  ''SteeL'' 
Root  Pfir.-{lee  "Pier/' 
Biiittuit*  or  SiiiiltaBi  Forci.— A  direeted  loioi  lii 

of  two  or  more  other  direeted  foioeg.  >       '«Hffi. 
Bimdtuit  Streoi.— See  ''Streee."  '  r  ^ 

Retaining  WalL— See  "WaU." 
Retardation* — ^A  decreasing  of  velocity,  ofqKMed  to^ 

tenned  negative  acceleration.  '       >  ?/'  *hH^ 

Re-tempering  of  Mortar.— See  "  Mortar." 
Reticular. — Formed  like  a  net;  network.  '  ^y^: 

Reticulated  Bond.— See  "Bond."  '.".i^^^-^r*^^. 

Return. — ^The  termination  of  the  drip-stone  or 

A  180  degree  bend  in  a  pipe  or  conduit.  <    ui 

Reverberatory  Furnace. — See  "Furnace."  *»  ivi- 

Reversal. — ^A  change  to  the  opposite  kind,  sign,  pole^  or  ^ 
Reversalof  Stress.— See  "Stress."  :«V^ 

Reverse  Curve. — See  "Curve."  Ji/'i 

Revet. — ^To  face  the  bank  of  a  stream  with  wood, 

erosion. 
Revetment. — ^The  facing  of  wood,  mattress,  stone,  or  i 
Revolving  Draw  Bridge.— See  "  Bridge."  '^ 

Rheostat. — An  electrical  instrument  for  regulating 

circuit.  '--^n^i 

Rib. — ^An  extra  and  external  portion  of  a  body  givii 

The  truss  or  girder  of  an  arch  bridge. 
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:«ff  WaQTir— The  land  or  water  rii^ta  neccanary  for  the  roadway  and  jtattetiiartiWIf 
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-Berfiting  diange  of  form;  stiff;  firm;  not  pliant  or  flesible. 
A  body  poasessing  rigidity  or  stiffness. 
•The  quality  of  being  rigid  or  resistant  to  distortion. 

^-A  comparison  of  the  rigidities  of  two  bo^es. 
•'Bearing." 
Drawer-See  "Draw." 
TmiaUe.— See  "Turntable.'' 
'•Saw." 
r— A  defect  in  timber  due  to  a  bruise  in  the  barit  that  (sauses  a  hard  spot  in 
wood  to  whidi  the  succeeding  layers  of  wood  do  not  adhere.  '-^^ 

A  soHd  generated  by  the  revolution  of  a  dosed  curve  about  an  axis  hi  tile  plane 

flidd  curvcy  but  lying  outside  thereof . 
ilBg« ' '000    Arou. 

A  ring  attachment  on  a  derrick,  etc.,  for  connecting  guy  Hoes. 
•An  elastic  metallic  ring  used  for  packing  the  piston  of  an  engine'.  '■ 

aa  "Pile  Band/'  q.v. 
aa"%eBok,"    See  "Bolt."  " 

diain  having  rings  at  the  ends  and  often  one  or  more  interinediate^ 
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C>llMii  lifii^A  rivet  wMoii  hi! 
holt^  bill  to  i^Mflli  a  ■ffiftiii 
liead  umkr  with  s  odd  eut  c« 

lull  iiiiiiMiiii(iii|||iiiiii  111  nil  Hill 

Hi|iBlf«-A  illmriiiiiw  in  f|ini(h|it 

m  liMiJ  Btftt— Ji^^  idudi  hi 

CMp  oTBIfot— The  ^doMS  of  the 

llldi  of  Rlrote.--Tlie  dietaaoe  betMHVi  l|i 

Ptagged  Blfet-49Aiiie  as  "C^ked  |Mf«%^ 

Shot  Rhreli.— A  rivet  driven  hi  th^  ibtlpi  . 

Hiep  heed  BiTet— A  rivet  havteg  to<hfi«A 

StfiA  Rhreli.-- Rivets  {daoed  at  hitervall 

them  together  and  give  kteial  utiffhfi, 

Rivet  Ciitter.-{lee  "Cutter." 

Reeled  Ghder.-{lee  "Qirder.'^  v* f|i^ 

Riveted  Mot.— See  <<  Jomt."  .^  •  rl^j^i 

Riveted  Traaa.— See  "TniflB."  ,;>i 

Riveter. — One  who  drives  rivets.    A  rivetiBft 

Air  Riveter. — ^A  riveting  machine  whUi  ia 

Alligator  Riveter. — ^A  jaw  riveter  worfced  \sf  the 

RnD  Riveter.— A  form  of  stationary,  yoke  riveier  iMili;^ 

a  large  air  cylinder  at  the  end  of  one  iif  lUiimmL^ 

stroke  in  a  horizontal  direction  and  the  fonnsf  Oil 

the  shank  and  forms  the  head  in  one  marenipilt^ 

Horseshoe  Riveter. — ^A  form  of  yoke  rivetei" 

be  readily  moved  about  the  slrap  to  readi 

Hydraulic  Riveter. — ^A  riveting  machine  qpowted 

Pneumatic  Riveter. — Same  as  ''Air  Riveter/'  9.9. 

Steam  Riveter. — ^A  shop  riveter  driven  by  8teaiaa» 

Toggle  Riveter. — ^A  riveting  machine  usmg  a  tQtt|| 

required  to  upset  the  stem  and  form  the  rivet? 
Yoke  Riveter. — A  machine  riveter  in  uriiich  th& 
an  elongated,  narrow  yoke  and  to  the  anvil  al 
reaching  of  rivets  remote  from  the  edge  of  the 
Rivet  Forge.— See  "Forge." 
Rivet  Hammer. — See  ''Hanmier/' 
Rivet-hole. — ^The  hole  through  which  a  rivet  is  driven 
Riveting. — ^The  fastening  of  plates  or  parts  together  t^; 
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UreUBfiT— A  term  iqaplied  to  ri^pted  joints  in  which  e»  dotiUe  ttm 

IB  need  for  « lap  jnint  and  twodoidile  xoini  for  a  butt  ]oiii|t-7?QDe4eiliie 
OB  eadli  aide  of  the  joint.  r  '  ••/  <  / 

mfuHf — ^Dnving  rivete  by  band. 
^ttvotfBf.--Themaldngof  a  lap-joint  by  using  rivets,  to  fiiaten  tte  ovvsia^ping 
ofthepiales.  xjwv/:,, 

Rfvetfag. — ^A  term  applied  to  lap-joints  in  which  one  row  of  lirels  oidy  hi 
to  fasten  the  j^bates.  ••/..« 

RiT»ttnf,or  Zlgng  BlTefli«.^Rivets  set  in  sigsag  ofder,  orsospaoed  that 
jnvets  in  one  row  are  opposite  the  centres  of  the  iipaces  of  tbo  adjoining,  lowi. 
8vr.-«ee  «'Buit." 
Gang.— See ''Gang/ 

GwL— See  "Gim.'V  v; 

Wt-fiee  "Kit."  •=  .1 

f»sd.-*e  "Rod." 

list— Same  as  "Rivet  Snap."    See  "ftiap."  if 

"Sm^."  / 

"SteeL" 
.---Tbe  shank  or  that  porUon  of  the  rivet  under  the  head. 
VsvgSir^Tongi  used  by  field  riveten  for  throwing  and  placing  hot  rivets. 

• — In  railmading  ^  finidied  surface  of  the  roadway  on  whiell  thafaaBait^iBd 
zest.    In  hii^ways  that  of  the  roadway  which  reodves. either  the  crniae^ 
or  the  broken  stone. 
ler.-See  "Roller." 

u — ^That  part  of  the  road  over  which  the  vehicles  pass.     , 
Bsadwaj.^ — The  horisontal  distance^  measured  perpendicularly  to  thecpkoB^of 
the  trusBes,  between  the  inner  edges  of  the  batter  braces.    Sometimes  measured 

the  faces  of  curbs  or  guard  rails. 
fUrilL-See  "DriU." 

-A;  easting  or  built-up  steel  frame  fastened  to  the  end  of  a  truss  or  eolunm  to 
of  a  sHgJit  rotation. 

• — An  arm  on  a  rook  shaf t»  as  in  the  vahre  mechanism  of  a  steam  engfaie. 
"Bearing." 
"Bent." 
• — The  end  of  a  truss  or  column  resting  on  a  rocker. 
-See  "Dressing." 
»-— A  dipinng  movement  of  a  ledge  of  rock,  usually  caused  by  water 
^tba  horisontal  ■«"«■- 
"Shaft." 

general  term  for  "Masonry,"  g.tr.    Also  see  "Woric" 

leog^  round  piece,  strip,  or  bar  of  metal    A  surveyor's  tool  for  findipgllie 

in  elevation  between  two  points,  used  in  connection  with  a  leveL.  As 

eoostructed,  it  ccmsbts  of  two  flat  strips  of  wood,  arranged  to  slide  upon 

oHier  and  having  the  exposed  faces  graduated  into  feet  and  tcotfasb  onin 

feet,  inches,  and  fractions  of  an  inch.  -y.   1 

idL'^-A  very  li^t  and  simple  sliding  level  rod  having  two  e<|iaal  pHts 

fijiifpiiiaghtlwof  an  inch  square.    When  ckxied  it  is  about  fiveand  %  haK feet 

WoMsies  a  target  and  is  graduated  into  feet,  inches,  and  taotions  of  Jaishes. 


\K 


,  '■-  ':.   '"^^* 


-■  J*'* 


»  t. 


'•f 


s|Si^^g=^^''--: 


"^^vij-: 


"r>.^^w- 


*.  ''jS"-*-'r^ 


;'i|il«feM.r-Almlnd 

eB8iiia.divided  l&lo  feel  Md  tej^ 
bomad  Into  tlM  liaid  ivood  ittd'^^^^^ 
mnwniitilinfl  Um  Mttiiig  cC  tto  iMinik 
tMHii»lii  WM^K  fcwi  >odfcw% 

gndutttioos  ato  psiiitod  on  ib  mil  lir, 
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cUaii  is  not  required,  this  rod  k  wril 
Piilon  Rod.— A  i^eel  rod  oonneotiiig  tte 
Fkin  Rod.— A  levd  rod  made  ol  one  piooovit 

graduated  in  feet  and  deeimal  parte  thonofe'''^ 
Portal  Rod. — ^A  teneion  member  in  tho 

quated  type  of  (xmetruotion.. 
Radial  Rod. — ^A  rod  connecting  the  voBer  of  J^i 

casting. 
RiTOt  Rod.— A  bar  of  soft  iron  or  steel  firooi  widoil 
Sounding  Rod. — ^A  rod  or  pipe  used  for 

into  the  soil. 
Spider  Rod.— &me  as  "Radial  Rod,"  f.9. 
Stadia  Rod. — ^A  rod  divided  into  feet  and 

visible  at  long  distances.    It  is  used  in 

transit  to  read  distances  directly.    Scunetimes  a 

rod.  Special  stadia  rods  are  frequently  termed 
Stay  Rod. — A  stiffening  rod  used  in  the  interior  of 
Sospension  Rod.— One  of  the  rods  attached  lo 

support  the  floor  system. 
Sway  Rod. — Any  rod  used  for  sway-bracing. 
Telemeter  Rod.— Same  as  "Stadia  Rod/'  q.v. 
Tension  Rod. — ^Any  rod  subjected  to  tension. 
Tie  Rod. — ^A  rod  connecting  two  parts  of  a 

Howe  truss  bridge.     Also  a  bar  or  rod  used  to 

track  to  prevent  their  spreading. 
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Troy  Rod. — ^A  level  rod  made  of  two  sUding  pieces  and  carrying  two  targets,  one  on 
the  top  and  the  other  on  the  bottom,  the  upper  target  being  fixed  to  the  extension 
member  and  the  lower  target  arranged  to  move  on  the  main  rod. 
Truss  Rod. — ^A  rod  used  for  trussing  or  bracing  a  beam,  also  called  Hog  Chain. 

Any  rod  employed  as  a  part  of  a  truss. 
Upset  Rod. — ^A  rod  having  one  or  both  of  its  ends  enlarged  by  an  upsetting  process. 
Vibration  Rod. — ^A  tension  diagonal  for  vertical  or  portal  sway-bracing  used  in  light 
highway  bridges.    Such  bracing  is  far  inferior  to  rigid  sway-bracing. 
Rodman. — ^The  man  in  a  level  party  who  carries  and  manipulates  the  level  rod. 
Rolled  Beam.— See  ''Beam." 
Rolled  Channel.— See  ''Channel.'' 
RoUed  Iron.— See  "Iron." 
Rolled  PUe.— See  "Pile." 
Rolled  Steel.— See  "Steel." 
Roller. — Any  short,  round  bar  put  under  an  object  to  facilitate  its  movement. 

Conical  Roller. — ^A  conenshaped  roller  placed  under  an  object  in  order  to  provide 

for  its  rotating  motion.    Used  imder  rim-bearing  swing  spans. 
Expansion  RoUers. — ^A  group  of  steel  cylinders  nested  in  a  box  or  suitable  frame 
placed  under  the  shoe  of  a  span  to  facilitate  its  movement  during  temperature 
changes  and  loading. 
Friction  Rollers. — Rollers  placed  between  moving  bodies  or  around  a  revolving  shaft 

to  reduce  the  friction. 
Guide  RoUers. — ^A  roller  on  a  fixed  axle  serving  as  a  guide  to  an3rthing  passing  along 

in  contact  with  it. 
Indentation  RoUer. — ^A  hand  tool  for  roughening  concrete  surfaces,  consisting  of  a 

roller  with  teeth  mounted  in  a  frame  attached  to  a  handle. 
Road  RoOer. — ^A  heavy  steam  or  horse  roller  used  in  the  construction  of  macadamized 

roads  and  pavements. 
Segmental  Roller. — ^A  roDer  composed  of  two  opposing  circular  segments  and  an 
intermediate  connecting  web;  used  under  bridge-shoes. 
Roller-and-thimble  Chain.— See  "Chain." 
RoDer  Bascuie.— See  "Bascule." 
Roller  Bearing.— See  "Bearing." 
Roller-bearing  Bascule. — See  "Bascule." 
Roller  Box»  or  RoUer  Frame.— See  "Box." 
Roller  Plate.-^3ee  "Plate." 

Rolling  Draw  Bridge.— Same  as  "Pull-back  Draw  Bridge."    See  "Bridge." 
Rolling  Friction.— See  "Friction." 
Rolling  Hitch  Knot.— See  "Knot." 
Rolling  lift  Bridge.— See  "Bridge." 
Rolling  Load. — Same  as  "  Moving  Load."    See  "Load." 
Rolling  Min.— Same  as  "Mill,"  q.v. 

Rolling  Stock. — All  of  the  various  classes  of  cars  and  engines  used  on  a  railroad. 
Ron  Rack.— See  "Rack." 

Rolls. — A  machine  consisting  of  several  rollers,  moimted  in  a  frame,  having  inter- 
meshing  gears  producing  a  positive  motion;  used  in  shaping  steel  ingots  into  bars, 
beams,  angles,  etc. 
Puddle  Rolls. — ^A  machine  having  heavy,  grooved  rollers,  between  which  Itmips  of 
plastic  iron,  taken  direct  from  the  puddling  furnace  and  hammered  into  rough 
bars,  are  first  rolled. 
Straightening  Rolls. — ^Rolls  in  a  steel  mill  used  for  reroUing  bars,  beams,  channels, 
etc.,  which  had  been  bent  during  manufacture. 
Roman  Cement. — See  "Cement." 
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Beiitle. — An  Qraamenlal  deviee  wwwnihliiiili 
BiC— Decay,  deooot^MaitkML 

D17  Bot— A  decay  affeotins  diy  ttebii^ 

W«l  Bot—A  decay  ailectliig  tinlMry 
BeCary  Crane.— flee ''Crane."  ^^ 

Betary  Fnranee.— <See  "Fiunaee.''  'k'^-^  ' 

Betary  Pump.— flee ''  Pump.''  .  \t^. 

Botelittg  Draw.— Same  as  "Revolving  Draw 
Botelittg  Drffl.— flee  "  DriU." 
Botation. — ^Turning  aitmnd  on  an  axis  or  centre. 

Asia  of  Botation. — ^A  line  passing  throui^  tli^ 
to  the   plane  of  rotation.  < .>  f 

Centre  of  Rotation. — ^The  point  of  a  rotating  boi)|r 
the  other  points  revolve  around  it.  '  > ' « '^  '\ 

Negative  Rotation. — ^Rotation  in  a  direction  oppodii 

Positive  Rotation. — ^Rotation  in  the  same  direction 
Rotten  Knot— See  *'  Knot/' 

Rough  Aslilar.— See  "Ashlar/'  .1  vrti 

Rough  Dressing.— See  ."  Dressing/' 
Rougher. — ^A  man  or  a  machine  that  does  the 

object. 
Rough  Finish.— See  "  Finish/' 
Rough-pointed  Dressing.— See  "Dressing/' 
Round  Knot.— See  "Knot/' 
Round  Pfle.— See  "  PUe/'  ,  ,.,t. 

Rounds. — ^Round  bars  in  the  bracing  system  of  a 

ladder. 
Round  Turn  and  a  Half  Hitch.— See  "Knot."  ,   ,rt^ 

Rowlocic  Bond.— See  "Bond/' 
Rubbed  Dressing. — See  "Dressing/' 
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M Bdbhed Draning.    See "Draning.^.     .     <^.7(r' 
BiMcr^--A  pliable  cnav  i]|»d  to  oten  dmwiDflB. 
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P^idEtag^— See  "FaMng." 
-Boiigliy  broken,  one^DADHnae  stone  used  in  rubble  nuunmy. 
Cwmmi  mOMttOt  Bvskm  Baage  B«UBla.-riUibble  aBMoao^^laM  In 
and  having  abrupt  ohangea  in  thiekneaa  thereof* 
BabMOri— Rubble  maaonry  bid  in  ootoaes  wbiob  may  or  inaisr  fiol  'wy  itt 


RiMUe  or  Uamiuaad  Babble.— Rubble  maaoniy  laid  up  witboot  aeipld  to 


lfaaoitfy»  or  BidiUe  Woik.— flee  "Masonry/'  ,  ^  o  .r. 

•An  annular  xidgB  fonned  on  a  abaft  or  other  pieoe,  oomaaonly  «t  a  Joaniri^ -io 
It  motion  endwise. 

flat,  stndi^t  stick  or  strip  of  metal  graduated  into  linear  unite  for  cm^mtaifab 
in  measuring  or  lajring  off  distances. 

Biile.-^A  rule  having  slii^tly  exaggerated  divisions  (an  excess  0f 
of  an  inch  in  twelve  indies)  to  oonipensaAe  for  the  ibrinkage  of  metal  in 
Ited  by  pattern  makers.  jinf, 

]|ii]e._See ''Slide-rule.'' 

int— See ''Joint."  ;*.   'jut 

or  Bimway.— A  line  of  planks  laid  down  for  wheding  or  walking  over.    Und  bgr 
eonstructors.  ■ -i\i;Hj.*x:i 

w— The  step  of  a  ladder.    Same  as  round.  ;}:«r>i 

. — Hie  round  or  step  in  a  ladder. 

-The  upper  end  of  a  floor  timber.  \.j:.^: 

. — In  foundry  practicey  the  channel  through  which  molten  metal  is  run  baM^  the 
^^ttioold.  «^  f. 

dLr-See  "Block."  < 

t-eaqpenaOd — Expenditures  incurred  during  the  operation  of  the  plant  or  atrue* 
tore  only.    They  are  equal  to  the  sum  of  operation  and  maintenance outlayt;^'  *>  < 
HildLr— A  form  of  "Running  Knot."    See  "Knot." 
KiMt.— See  "Knot." 
L — The  water  which  flows  from  a  drainage  basin. 
r.-rA passageway.    Alsosee  "Run." 
•—To  break  apart.    The  act  of  breaking  i^mrt. 

'of  BuptoraK — ^The  angle  made  with  the  transverse  axis  by  the  break  in  a  teat 

...  . .  t .-  ■■■-. 

of  Bapture. — ^That  joint  in  a  voussoir  arch  for  which  the  tendency  to  cpsttjat 


extrados  is  the  greatest. 

of  Boptnre. — ^The  unit  stress  at  which  a  piece  fails. 
of  Bapiure. — The  plane  akmg  which  failure  occuxa. 
LlBe^-«ee  "line." 
-An  ooddisation  of  a  metaL 
. — The  oxide  of  iron. 
"Cement." 
er  Bastkated  Dresalng.— See  "Dressing." 
"Joint." 

S 

/Iwg.    To  discharge  an  employee. 

-A  bag  made  of  coarse,  heavy  sacking  of  jute  or  hemiK 
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'-' *'flhierlMMriiigbt«iii00d»    ''     •yfv^'^ii/ 

Wtfyiji  vilifi.— The  inioe  for  lAioii » 

o«npHvvoni«— 'AH  iraii  mt  or  qwor 

BMnplo  ol  the  conteiite.    Ueed  ta^jr  eiiiii§^ 

flnML-^— Bioken  dofwtk,  witer  woniy 

hudi  hi  diainelcr.  ^    \'^fi' 

Ceme  SMid.--8aiid  rejeoted  by  a  mnaiM 
Flae  fihuid*'-— A  saiid  contehuiig  Bioie  then 
a  No  40  neve.    UmnllyiUKkdraUeiH^ 
GreeaSMid.— A  nndfrahfromthepllb  ^ 
Iron  fihuid* — Saod  oQntauihig  coneidenhfe 
Qakk  Soad.— A  fine,  smooth-gnoked  Mud. 
Sharp  Sand. — ^A  sand  having  dieip  edgad 
Slag  Sand.— Slag  ground  to  the  oanourtenqr^ot 
mortar  or  concrete.  t  id' 

Sand-bag. — ^A  bag  filled  with  eandy  ueed  ta  oloee 

Sand  Bar.— See ''Bar." 

Sand  Bearing.— See  ''Bearing."  *H  t 

Sand-bhwt. — A  device  for  projecting  sand  particle^  ai 
by  means  of  compreflsed  air.    Used  in  ^1«*«w«|i 

Sand  Briquettes. — See  "Briquettes." 

Sand  Cement — See  "Cement." 

Sand-hog. — ^A  term  applied  to  any  laborer  working 

of  piers.  a\c 

Sand-hog  House. — ^A  house  near  the  bridge  site,  used 

Sand  Hoist,  or  Sand  Lift.— See  "Hoist." 

Sand  PUe.— See  "Pile." 

Sand  Pump.— See  "Pump." 

Sand  Screen. — See  "Screen." 

Sand  Sieve.— See  "Sieve." 

Sandstone.— See  "Stone." 

Sand  trap.— See  "Trap." 

Suidwich  Girder.— Bee  *'0\idex:' 
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QUttlDg  tool  eoodttifig  of  a  thk  blade  or  riieet  ol  lieel  havioi'Mtt  Cli  ott» 
fioth  cdgBB  and  biHdka  or  othor  attaidmiaiis  liar  ghri^K  it  motitei   ^'-^dmH 
Saw.— An  eodiam,  narrow  band  or  ribbon  of  steal  with  a 
two  large  wfaeefai  wUdi  give  it  a  eoiitinQiktt  iittiFofm  iootk^ 

ktmg  aetion  of  a  }igHnw,  ate  caBed  a  ''b^  aaw"^  or  *^Mllmimm0't 
Saw.— A  circular  saw;  so  cafled  from  its  sound  wbett  in  aetioiii.  *    't  •    i 
Stw.— A  fbin  ebcidar  pkte  of  steel,  with  le^  eirt  iii^be  ^^^ 
on  a  shaft  and  rotated  at  a  h^  speed.  r    .h  ^,  •; 

Saw.— A  toothless,  soft-iron  disk  rotating  st  a  Ugfh  speed,  tsesd  MMMli^ 
eatUng  sted  beams.  air.iliAiH 

Saw.— A  saw  adapted  by  the  filing  and  settfaig  of  ite  teeth  t^odl  imm 
grain  of  the  wood.  TfSrm 

Ssw^— A  small  frame  liand  saw  having  a  harrow  blade  witii  iHe  toUlf^lil 
^4bse  together  and  well  tempered.    Used  for  sawing  metals.  *  | 

Sbw. — A  saw  ooDffisting  ai  a  blade  of  steel  yriAk  a  semled  edge^  gBHtevfitl 
handle  at  one  end  adapted  for  use  by  one  hand.        '  i'  '-> ^^ 

Saw»  or  Iron  8aw.-r-A  circular  saw  for  hot  steel  or  htm  lAupes. 
Saw^— A  reciprocating  sawing  machine  having  a  narrow  vertical  hkM  iMi  hrl^ 
Unune  which  has  an  oscillating  motion.  -(><.-« 

8aw.--A  saw  having  a  blade  tempered  hard  enough  to  cut  nietals.        *      '^' 
Saw.--A  large  hand  saw  worked  vertically  by  twoinoi,  one  of  whom  (the  piiaHti) 
Stands  in  a  pit. 

Saw. — A  saw  used  at  the  mills  for  cutting  rails. 

Saw.— ^A  type  of  drcular  saw  in  which  the  teeth  are  apart  <tf  a  detaehsMeMng 
hat  k  mounted  on  a  central  disk. 

Saw^— A  saw  having  teeth  with  small  set  and  large  rake  used  for  sawhig  along 
tfie  grain  of  timber. 

Saw.— A  tool  or  machine  for  cutting  stone,  omisisting  uf  a  fiat  Made  of  iien 
/ISKving  a  reciprocating  motion,  and  fed  with  sand  by  a  stream  ci  water,  the  sMid 
Uie  cutting. 
Oroas-cat  Saw.-— A  cross-cut  saw  with  a  long,  wide  blade  having  a  hanflS'te 
^eaeh  end  so  that  it  can  be  operated  by  two  men.  -  :^. 

|iir-A  phnk  used  in  making  a  si^oe  between  two  timberB. 
Scab. — A  scab  or  scab-plate  made  of  iron. 
• — The  condition  of  being  joined  by  a  scab  or  scabs. 

"Hammer."  *    - 

^ — ^A  form  of  "  Masonry  Dressing."    See  "  Dressing." 
as  "Scab,"  «.p. 
• — A  temporary  platform  or  staging  for  supporting  workmen  during  the  building 
^of  a  structure. 

ScaMd. — ^A  scaffold  hung  on  ropes  fastened  to  overhead  supports. 
.—A  general  term  covering  all  the  scaffolds  on  a  job. 
tr^A  graduated  stick  of  wood  or  metal  for  measuring  or  laying  off  distances.    To 
With  a  scale.    The  ratio  of  the  linear  dimensions  c^  a  drawing  tatlie^4XN^ 
^Bmensbns  of  the  actual  object  so  represented.    A  obating  ef 
Amis  on  the  surface  of  heated  metal.  ^     ^ 

.-—A  scale  in  which  the  units  are  divided  daodmmaiS&^S* 
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"Joint." 

flCMrpb— A  itecp  dope. 

the  furniiliiiig  <tf  imturitln  «t  in#  litii^i 

8mp,— A  special  type  ci  buekoi  iMKfiagm 

dredging.    A  qpede  having  the 
Seeep  Dradfe.— <See  "Dredge.'^ 
Sceophig.— The  act  <rf  dredging  wtlh  aieoQp» 
Seotdu— To  chip;  to  hade    ToblookyOrpBqi^i^l^i 
Scow. — ^A  dearhig  out  or  xemoral  ol  alt  and 

current.    To  ranove  such  material  in  thili 
Seow. — ^A  flat4>ottom  boat. 

Damp  Seow.— A  drop4x>ttom  aoow  firam  wbit^ 
Scrag.— To  straighten  a  iq>ringy  etc.,  whidi  hat  ipi|||^ 

and  releasing. 
Scrap. — ^Discarded  materiaL    Junk. 
Scraper. — ^A  tod  for  scraping  up  loosened  eaxtli  aadv 

or  mules  and  guided  by  handles  attadied  to 
Scrap  IrwL — See  "Iron." 
Scrap  POe. — ^A  hei4>  or  a  pile  of  junk. 
Scratch  AwL--See  "Awl." 
Screeds,  or  Screed-iron. — Strips  of  wood  used  for 
angle  iron  on  legs,  or  other  device,  which,  in 
to  serve  as  a  guide  in  forming  the  top  of  the  dah*  7y 
Screen. — A  large  sieve;  device  for  sifting  and 

Sand  Screen. — ^A  sieve  for  sifting  sand. 
Screening. — ^The  act  of  sifting  and  separating  psrtidea  11^ 
material  passing  throu  h  the  screen — g^erally 
Granite  Screenings. — Small  particles  of  granite 
Screw. — A  cylindrical  bar  on  which  has  been  formed  a 
Cap  Screw. — ^A  screw  which  has  a  square  or 

of  the  screw,  thereby  providing  a  shoulder  for 
Female  Screw. — ^A  hollow  cylinder  having  an  im 
Guide  Screw. — ^A  screw  for  directing  or  regulating 
Jack  Screw.— Same  as  "Screw  Jack."    See  "  JadE.''., 
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Lag  Screw. — ^A  large-sized  wood  screw  with  a  square  head  larger  than  the  shank  for 
convenient  turning  with  a  wrench,  and  having  a  special  thread  to  increase  the 
holding  power. 
Left-handed  Screw. — A  screw  having  a  left-handed  thread.    See  "Thread." 
Machine  Screw. — ^A  screw  which  has  a  straight  shank  and  an  enlarged  head  providing 
a  shoulder  for  bearing.    A  slot  in  the  head  affords  the  means  for  turning  with  a 
screwdriver, 
Male  Screw. — ^A  screw  having  an  exterior  thread. 
Micrometer  Screw. — Same  as  "Micrometer/*  q.v. 

Right-handed  Screw. — ^A  screw  having  a  right-hand  thread.    See  "Thread." 
Set  Screw  — ^A  type  of  screw  similar  to  a  cap  screw  but  without  a  shoulder  under 

the  head  and  with  a  cup-shaped  end  for  a  better  grip  on  the  object. 
Square-threaded  Screw. — ^Any  screw  having  square  threads. 
Thmnb  Screw. — A  screw  having  flat  wing-like  projections  on  the  head  for  convenience 

in  turning  with  thumb  and  fingers. 
Wood  Screw. — ^A  screw  having  a  tapering  shank  and  either  a  flat  or  a  rounded  head 
with  a  slot  for  turning  by  means  of  a  screwdriver. 
Screw-adjustment. — ^An  adjustment  in  which  motion  is  provided  by  a  screw. 
Screw  Bolt.— See  "Bolt." 
Screw  Clamp. — See  "Clamp." 
Screw  Disc.— See  "Disc." 
Screw  DoUy.— See  "Dolly." 
Screw-end. — ^The  threaded  end  of  a  bolt. 
Screw  Jack. — Same  as  "Jack  Screw,"    See  "Jack." 
Screw  Stock.— Same  as  "Die  Stock."    See  "Stock." 
Screw  PUe.— See  "Pile." 
Screw  Thread. — The  thread  on  a  screw. 
Screw  Track-spike.— See  "Spike." 
Scril>e. — ^To  trim  off  the  edge  of  a  board,  etc.,  so  as  to  make  it  fit  closely  at  all  points 

to  a  certain  line;  to  mark  with  a  scriber. 
Scril>er. — ^A  sharp-pointed  tool  for  marking  metal. 
Scribing  Awl.— See  "  Awl." 
Scrids. — Same  as  "Screeds." 

Scurf. — ^To  flake  off,  or  the  material  which  flakes  off.    Dross. 
Seam. — A  crack  in  a  badly  rolled  steel  section.    A  crack  or  parting  in  rock. 

Crow-foot  Seam. — ^A  vein  in  rock  containing  dark-colored,  uncemented  material 
Dry  Seam. — An  open  crack  in  a  rock. 

Lap  Seam. — ^A  seam  in  which  the  separate  parts  extend  over  each  other. 
Seasoning. — ^The  process  of  becoming  fit  for  use,  as  lumber  becoming  dry  and  hard 

through  exposure. 
Seat  Angle.— See  "Angle." 

Secant. — ^Any  line  cutting  another  line.    A  trigonometric  fimction  defined  by  the  ratio 
of  the  hypothenuse  of  a  right-angled  triangle  to  its  base,  in  reference  to  the  acute 
angle  adjacent  to  the  said  base. 
Second-class  Masonry. — See  "  Masonry." 
Secondary  Member. — See  "Member." 
Secondary  Stress. — See  "Stress." 
Secondary  Stnit.-^See  "Strut." 
Secondary  Truss.— See  "Truss." 
Secondary  Truss  Member. — See  "  Member." 
Second  Set.— See  "Set." 

Section. — ^The  trace  on  a  secant  plane  made  by  the  object  cut.    Sometimes  improperly 
used  for  a  member  or  segment  thereof. 
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Ht  tll0  MOMlt  plillAi 

mfffiifnt  of  iuiitla'^ 

fay  the  dkUnee  ftom  the  centra  of  gnvi^ 
SedliB  BefHhfied*'— The  nootiop  avoft  of  i^ 

fnroe  aeting  on  the  nid  meniber,  ,       ^^ 
Seder.— That  portkm  of  a  cifde  heltiiilij 

mg  arc. 
SedfaMBt— The  fine  material  whieh  aettlea  tP 
Seepage.— The  ooaiiig  or  peroobtioii  of  water 

thue  perooh^ted. 
Segmeat — ^That  portion  oi  a  circle  ^yhig 

a  monbcr.  v».  .;-j« 

Track  Segment— A  part  or  unit  ci  a  oifoidar  tnidfc' 

bearing  draw-span. 
Segmental. — Pertaining  to  a  segment.  ..  .-i' 

Segmental  Arch.— See  ''Arch.!' 

Segmental  RoUer.— See ''Roller.''  ^»/i^4 

Seise. — ^To  bind  a  journal  in  its  bearings  by 

or  windings  of  cord,  line,  or  small  rope.  .  • ,  {^ 

Self-hardening  SteeL— Same  as  "Muahet  Steel,"  g«i*.:  ^mS 
Semaphore. — ^An  apparatus  for  making  signala 
Semi-cantilevering. — A  method  of  erecting  a  spaa 

from  an  adiacpjit  flnan.  or  aHiAoent 
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Final  Set,  or  Hard  Set. — ^The  degree  of  hardening  of  cement  mortar  as  determined 

by  the  non-penetration  of  the  Vicat  needle. 
Initial  Set. — ^The  beginning  of  the  hardening  process  of  cement  mortar  as  determined 

by  the  Vicat  needle. 
Permanent- Set. — Same  as  ''Hard  Set"  in  cement,  q.v.    Also  the  residual  deformation 

in  a  member  when  the  load  is  removed. 
Rivet  Set. — ^A  tool  for  shaping  the  heads  of  rivets.    Often  called  a  snap. 
Second  Set. — ^The  hardening  of  mortar  that  has  once  partially  hardened  and  which 
has  been  disturbed  before  getting  its  final  set. 
Set  Pin.— ^ame  as  "Dowel,"  q.v. 
Set  Screw.— -See  "Screw." 
Sewer  Brick.— See  "Brick." 

Shadde. — ^A  U-shaped  attachment  for  large  puUey-blocks  replacing  the  customary 
hook. 
Anchor  Shackle. — A  bolt  or  clevis  with  two  eyes  and  a  screw  bolt  and  key,  used  for 

securing  a  cable  to  the  ring  of  an  anchor;  also  employed  for  coupling  chains. 
Splicing  Shackle. — A  shackle  in  the  end  of  a  length  of  chain  through  which  the  end 
of  a  rope  is  taken  and  spliced. 
Shackle  Bar.— See  "Bar." 
Shackle  Joint-^See  "  Joint." 

Shade. — ^A  painter's  term  descriptive  of  that  difference  between  colors  which  results 
from  a  variation  in  luminosity  only,  the  other  color  constants  being  essentiaDy 
equal. 
Shaft. — A  well-like  opening,  nearly  or  quite  vertical,  in  cribs  and  caissons;   used  for 
hoisting  material  through  or  for  the  passage  of  workmen.     A  long,  cylindrical  bar 
capable  of  rotating  and  transmitting  torque. 
Air  Shaft. — A  tube,  pipe,  conduit,  or  passageway  for  conveying  air. 
Cam  Shaft. — ^A  shaft  on  which  a  cam  is  mounted. 
Crank  Shaft. — ^A  shaft  having  one  or  more  cranks  attached. 

Driving  Shaft. — ^A  shaft  from  the  driving  wheel  conmiunicating  motion  to  machinery. 
Excavating  Shaft. — A  shaft  or  hole  through  which  excavation  is  carried  on. 
Jack  Shaft. — In  rolling-mill  machinery,  a  shaft  that  takes  the  power  from  the  engine 

shaft  and  transmits  it  by  pinions  and  spindles  to  the  rolls. 
Junction  Sliaft. — ^A  spindle  in  a  rolling  mill. 
Main  Shaft. — A  principal  shaft  used  in  the  transmission  of  power. 
Pinion  Sliaft. — A  shaft  carrying  a  pinion  for  transmitting  motion. 
Rock  Shaft. — ^A  shaft  which  makes  part  of  a  revolution  each  way  instead  of  rotating 

continuously  in  the  same  direction. 
Supply  Shaft. — ^A  passageway  in  a  crib  and  caisson  for  the  transferring  of  supplies. 
Working  Shaft. — A  passageway  in  a  crib  and  caisson  for  workmen. 
Worm  Shaft. — ^The  shaft  or  axle  passing  through  a  worm. 
Shaft  Bearing.— See  "Bearing." 
Shaft  CoupUng.— See  "Coupling." 

Shafting. — ^A  general  term  for  a  number  of  shafts  connected  up  to  form  a  system. 
Rounds  used  for  making  shafts. 
Cold-roUed  Shafting. — Shafting  on  which  the  final  rolling  was  done  after  the  metal 

had  somewhat  cooled. 
Tamed  Shafting. — Shafting  which  has  received  its  truing-up  and  final  finish  by 
being  turned  in  a  lathe. 
Shafthig  Box.— See  "Box." 

Shakes. — Splits  or  checks  in  timber  which  usually  cause  a  separation  of  the  wood 
,   between  the  annular  rings. 
Heart  Shake. — A  fissure  in  the  heart  of  a  timber  due  to  growth. 
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-To  iKda  one  pirt  of  «bed||r 

to  a  dMttring  astipu  h  .,>  t y,^Er^J4^i^ 
r*'— -A  iheir  ia  oDiMiMoft 
r.— *A  ilidlDt  OB  two 
-Tbe  ifaMr  i^  tlw  ond^* 
8hMvw-*-A-ibBir  iMriUMi 
Niattfo  flfciTr— A  velatm  tom  uMilljr 
motioii. 

-A  relative  tom  uM43r 

'.  .>.  'I 
r.— A  pemnaimt  ifaetr 
SfaMle  Skeor*'— A  ■K^^wjf,  or  a  tflndMioT  to 
SiMor.— A  diBMiog  aotkiii 
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Showed  Edgo.— An  edge  <tf  a  ]date 

Sheared  Pllite.--See ''Plate.''  ,  ^V^ 

Sheerlnf  Machi]ie.-^A  m*^^***^  for  dieei^Big  BMiell^ . 

operating  against  a  fboed  cutting  ed^e.  ,i>» 

Sheerinc  Modataa  of  Eteaticitr.:-^ee  ''EaMtkilgft^  4^ 
Sheerinc  Strain.— <See  "Strain."  •  "i  f^ 


'•  1  #- 


Shearing  StrengUu--See  "Strengtlu" 

Shearing  Stress.— See  ''Stress."  r  v.tf  .^l 

Shears. — Same  as  "  Shearing  Machine/'  q,9.  .  :tf. 

Angle  Shears. — ^A  shearing  machine  especaaJfy 
Hdstlng  Shears*  or  Sheers. — ^A  support  made  of  tfO^ 
near  one  end  and  are  pivoted  so  that  they  magr  be 
hoisting  gin  poles. 

Shear  SteeL— See  "Steel." 

Sheathing. — ^A  covering  or  casing  of  planks.    Used  oft 

Sheave. — ^A  wheel  with  a  grooved  face  for  carrying  a  JBpOi 
'  Derrick  Sheaves. — ^The  stationary  sheaves  in  the 
Head  Sheaves. — ^The  sheaves  mounted  on  the  head 
Snatch-block  Sheave. — ^The  grooved  wheel  in  a 

Sheave-stand. — A  frame  or  support  for  a  sheave  and  He 

Sheep-shank.— See  "  Knot."  .  t 

Sheet-bend.— See  "Knot." 

Sheet-bend  with  a  Toggle.— See  "Knot."  s 

Sheeting. — Same  as  "Sheathing/'  q.v. 

Sheet  Iron.— See  "  Iron." 

Sheet  Lead.— See  "  Lead." 

Sheet  Packing.— See  "Packing." 

Sheet  PUes.— See  "PUe." 
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flii^  |xroJ6oyoii  fram  a  WkH  or  DcAomii. 

A«i^--Same  as  a ''Seat  Angle.''    See ''Angfe.**  ^,.*i«i^ 

-A  lidlow  cylitMiar  for  pien.    Acaamg.    A  frameitak  nol  filled  kL^^ '       ,  >  ><{^^ 

••-^AgummadefrQmaiediioiiseamdatkmctf  anEastl^^  Hiii 

wiUi  akoliol  it  fomiB  a  yazniBh  idiich  is  mueh  used  in  tlie  acta  and  ii  tfltmed 

''fibdlac." 

-A  bulkhead  or  oontrivance  to  protect  workmen  and  property,  iieed  ia  MRlilB 
elasBes  of  underground  woik. 
-A  relay  or  change  of  frorkmen. 
. — The  foreman  of  a  ahift. 

small  piece  <tf  wood  or  metal  placed  between  two  parts  oi  iMwnibew  ol-^ 
^Mmeture  to  faring  them  to  a  desired  relative  position. 
. — ^A  b(dt  used  to  fasten  a  shim  in  place. 
Plate.— See  "Plate." 

-A  thin,  wedge-shaped  piece  of  wood  used  for  roof  coyeiing,  laid  oteilappfeig 
each  other.    A  steel  plate  empk^ed  in  making  a  iq>lice.    To  make  a  conyound 
^mpBoB  by  cutting  the  component  parts  at  diflferant  places. 

"Splice." 
"Auger." 
. — A  general  term  iqpplied  to  vessels  coUectiyely.    The  act  <rf  dfwipatiJriwg|podB> 

• — ^A  list  <tf  the  artieles  shipped. 
fiiToice. — See  "Invoice." 
•Hat — ^A  list  of  all  the  articles  to  be  shipped. 

•weiglit — The  weight  oi  the  articles  shipped,  including  that  of  the  wrappiiigB 
and  packing. 
• — ^A  jar;  the  effect  ci  a  blow;  the  sudden  absorption  oi  encfgy. 
-That  part  or  detail  of  a  span  which  transfers  the  load  from  the  end  pin  to  die 
bearing  plate  or  to  the  intervening  rollers.    Also  a  cast-iron  point  used  oA  pflea 
when  driving  them  through  hard  ground. 

fflioe. — A  conical  iron  point  with  projecting  prongs,  by  me«£ns  of  which  it  is 
.  fastened  to  the  end  of  the  pile  before  driving. 

"Bkxsk." 
PfaL— See  "Pin." 

"Plate." 
"Chute,"  q.v. 
place  where  bridge  spans  are  fabricated. 
SiKV. — A  shop  for  metal  turning,  planing,  and  drilling. 
SiKVw— A  wood-working  shop  in  which  patterns  are  made. 
Dtawiag.— See  "  Drawing." 
Bhet— See  "Rivet." 

•—The  land  adjacent  to  a  body  of  water.    A  support  or  a  prop.    To  siqipoti 
with  a  shore. 

"Span." 
U — A  general  term  covering  a  system  of  shores  or  props. 
mn. — See  "Column." 
TeDow  Pfne.-^See  "  Pine." 
"Ton." 
lead  balls,  used  for  gradually  applying  a  load  in  a  certain  style  of  (iwling, 
maehinea.    An  explosion  in  blasting. 

-The  bearing  surface  perpendicular  to  a  member  produced  by  a  ptojeetioii 
'ibtt  <dr  a  InseesB  in  such  member. 

"Bteck." 
"Joint;"  ■■'■.< 
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#aric  «f  Bioriin  tliroai^  lAidi  % 


:^^Tv.  ^• 


,^^fei^'' 


tiUlilMi  8tof«.— A  torn  9pp»Bii»MmlitA 
'  Otti  IraDdrad  maiMs  pv  MImI  jiiitt^Mi^ 

.—A  dioxide  €fMliooii(8iO^«    UoNMll 
oTLfaM.— See ''lime.''  ^  t^ 

'  Bkafcfe  SOcite.— A  union  ol  ealoiimi  «ai  iWiii 
StBcfcwM,— Hairing  the  nature  ol  mUoa  or 
SDIeoa. — ^A  ehemioal  eLement  of  the 
SOkyFhietwe.— <See"Fractuie.''  '-^'^Atil 

8iiL--The  lower  hoiijK>ntal  member  <tf  a  tamed  heat.'      ! 
Bank  SiD.— A  sill  placed  on  the  end  ol  an 

wooden  trestle. 
Cap  SOL — ^A  sill  placed  on  piles. 
Intermediate  SiU. — ^A  horisontal  member  in  the  i 

the  elevations  of  cap  and  sill,  to  which  the 
Mad  SIO,  or  Sob  Sill.— A  sill  placed  on  diort  (Btm^ 
support  a  framed  bent. 
Sflt — A  fine,  earthy  sediment  deposited  by  muddy  walilW' 


Simple  Beam.— -See  ''Beam." 

Simple  Curve.— See  "Curve." 

Simple  Knot— ^See  ''Knot." 

Simple  Span.— See  "Span." 

Shnplez  PUe.— See  "Pile." 

Sine  Curve.— See  "Curve." 

Single-acting  Pump.— See  "Pump.' 

Single  Block.— See  "Block." 

Single  CanceUation.— See  "Cancellation." 

Single  Concentration. — See  "Concentration." 

Single  Intersection. — Same  as  "Single  Cancellation." 

Single  Intersection  Truss.— See  "Truss.' 

Shigle  Lacing.— See  "Lacing.' 
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Single  Lattldng.— See  ''Latticing/' 
Siniele  Lip  Screw  Anger. — See  ''Auger/' 

Single  Locomotive  Excess  Load. — See  "Locomotive  Excess  Load.'' 
Single  Ponch.— See  "Pmich." 
Single  Riveting.— See  "Riveting." 
Single  Sliear.— See  "Shear." 
Single  Sliear  Steel.— Same  as  "Shear  Steel,"  q.v. 
Single  Track.— See  "Track." 

Sinking. — ^The  process  of  lowering  cribs,  caissons,  and  piers  to  their  foundations. 
Sinking  Fnnd. — ^A  fund  built  up  during  a  period  of  time  to  provide  a  given  sum  of 
money  at  the  end  of  that  period,  by  making  at  regular  intervals  uniform  deposits 
which  draw  compound  interest. 
Siphon. — A  bent  tube  or  pipe  having  unequal  legs,  employed  for  drawing  off  water 
when  the  summit  of  the  bend  is  higher  than  the  supply,  and  the  discharge  end 
(the  longer  leg)  is  lower  than  the  supply. 
Steam  Siphon. — A  siphon  in  which  a  partial  vacuum  is  made  and  maintained  by  the 
condensation  of  steam. 
Siplion  Condenser. — See  "Condenser." 
Siphon  Culvert. — Same  as  "Siphon,"  g.v. 
Sisal  Hemp.— See  "Hemp." 
Sisal  Rope.— See  "Rope." 
Sister  Bk>ck.— See  "Block." 
Sister  Hook.— See  "Hook." 
Skeleton-construction. — ^A  framework  of  structural  steel  which  sustains  all  the  external 

loads  or  forces  from  the  top  of  a  building  to  the  foundation. 
Skeleton  Diagram. — See  "Diagram." 
Skeleton  Drawing. — Same  as  "Skeleton  Diagram,"  ^.t;. 
Skelp. — ^A  strip  of  iron  or  steel  prepared  for  making  pipes  and  tubes. 
Skew.— ^Making  an  oblique  angle. 
Skew  Arch.— Same  as  " Oblique  Arch."    See  "  Arch." 

Skewback. — ^The  beveled  stone,  iron  plate,  or  course  of  masonry  which  supports  the 
foot  of  an  arch  ring.    Also  the  casting  on  the  end  of  a  trussed  girder  to  which  the 
tension  rod  is  attached. 
Skew  Bridge.— See  "Bridge." 

Skew  Crossing. — Same  as  "Oblique  Crossing."    See  "Crossing." 
Skew  PortaL— See  "Portal." 
Skew  Span.— See  "Span." 
Skid. — ^To  slip  or  slide  without  revolving. 
Skid  Girder.— See  "  Girder." 

Skids. — ^Timbers  used  as  a  track  in  sliding  heavy  objects. 
SIdd-way. — A  frame  or  form  used  for  skidding  heavy  articles. 
Sldm-coat. — ^A  finishing  coat  of  plaster  used  to  give  a  smooth  siuf ace  to  a  rough  wall 

of  concrete. 
Skimming  PUte.— See  "  Plate." 

Skin. — ^A  thin  coating  formed  during  the  cooling  of  cast  metals. 
SUn  Friction.— See  "Friction." 
Skinned  Bolt— See  "Bolt:" 

Slab. — ^A  flat,  relatively  thin,  mass  of  wood,  stone,  concrete,  or  metal. 
Bending  Slab. — A  plate  of  metal  with  holes  punched  in  it  for  holding  pins  around 
which  thin  plates  or  bars  may  be  bent  to  required  shape. 
Sba>bed  Tie.— See  "Tie." 
SUATIe.— See"Tie." 

Slack.— Not  tightened;   that  portion  required  to  be  taken  up  to  make  a  structure 
rigid.    To  loosen. 
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Slag. — Cinder.    The  molten  substance,  other  than  the  metal  under  tjreatment, 

ing  of  acid  or  basic  oxides  which  may  be  composed  of  the  gangue  of  the  ore  ocrii- 
bined  with  a  flux  (usually  lime)  in  smelting  opa«ti<His;  or  of  substances  (usuaflr 
lime  and  iron  oxide)  introduced  for  the  puipose  of  effecting  or  assisting  in  tkt 
purification  process. 

Slag  Cement— ^See  ''Cement.'' 

Slag  Concrete.— See  ''Concrete." 

Slag  Sand. — Slag  ground  to  the  consistency  of  sand  and  used  to  r^laoe  the  sand  m 
mortar  or  concrete. 

Slake. — To  become  disintegrated  by  the  action  of  water  or  moisture. 

Slaked  Ume.— See  "Lime." 

Slaldng. — ^The  action  of  the  air  or  water  in  producing  disintegration. 
Air  Slaldng. — Decomposition  of  any  material  exposed  to  the  air,  such  as  lime. 

Slapped  Cement — See  "Cement." 

Sledge. — ^A  heavy  hand  hammer  having  a  long  handle  for  use  by  both  hands. 

Sledge  Hammer. — See  "Hanmier." 

Sleeper. — A  railroad  cross  tie  of  wood,  concrete,  or  metal,  used  to  support  and  fix  the 
rails  of  a  railroad  track.    Generally  called  a  "Tie." 

Sleeve. — ^A  hollow  cylinder  or  tube,  used  to  connect  round  bars,  bc^ts,  shafting, 
etc. 
Handle  Lock  Sleeve. — A  threaded  sleeve,  or  elongated  nut,  having  a  handle  by  whidi 

it  is  turned  and  locked  at  some  desired  position. 
Lock  Sleeve. — ^A  sleeve  connecting  two  parts  of  shafting  and  arranged  to  lock  with 
one  of  them  by  means  of  a  shifting  motion. 

Sleeve  Coupling. — See  "Coupling." 

Sleeve  Nut— See  "Nut." 

Slide,  or  Land  Slide. — A  displacement  of  an  unstable  earth  bank  due  to  gravity  and 
saturation. 

Slide  Rule. — An  instrument  for  making  rapid  computations  mechanically,  co'nsistiiig 
of  two  or  more  sliding  or  revolving  parts  bearing  graduations  based  on  the  loga- 
rithms of  the  numbers  shown. 
Duplex  Slide  Rule. — ^A  slide  rule  of  the  stick  type  having  an  interior  shde  of  the 
same  thickness  as  the  rule  and  its  two  faces  flush  with  those  of  the  exterior  por- 
tions.   Both  rule  and  slide  are  graduated  on  both  faces. 
Manheim  Slide  Rule. — A  slide  rule  of  the  stick  type  graduated  on  one  face  only.    The 
slide  has  one  face  only  flush  with  the  rule  though  graduated  on  both  faces;  bdng 
thinner  than  the  rule,  it  has  to  be  reversed  when  using  the  lower  face. 
Spiral  Slide  Rule. — A  slide  rule  of  the  revolving  type.    It  consists  of  a  hollow  sleeve 
having  graduations  and  being  capable  of  sliding  along  and  revolving  around  a 
continuous  cylinder  which  is  held  stationary  by  a  handle.    The  scale  on  the  sleeve 
is  arranged  in  the  form  of  a  spiral,  hence  the  name. 
Thacher  Slide  Rule. — A  slide  rule  of  the  revolving  type  having  an  exterior  frame  of 
twenty  graduated  bars  attached  to  rings  at  their  ends.     The  slide  is  an  interior 
cylinder  and  is  capable  of  both  rotation  and  sliding  inside  the  bars.    The  exterior 
frame  of  bars  is  also  capable  of  rotation.    A  most  valuable  instrument  in  any 
bridge  engineer's  office. 

SUde  Valve.— See  "  Valve." 

Sliding  Bearing  —See  "Bearing." 

Siiding-ends. — ^The  ends  of  a  bridge  resting  on  a  sliding  bearing. 

Slidhig  Friction.— See  "Friction.* 

SUding  PuUey.— See  "Pulley." 

Sling. — A  closed  loop  of  wire,  chain,  or  rope  for  convenient  passing  under  a  body  and 
attaching  to  the  hook  of  a  derrick  tackle  for  the  purpose  of  hoisting. 
Rope  Sling. — A  sling  made  of  rope. 
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Mitli  ilide.    A  lonft  mamr  iialier  qwee  betiraoii  two  lAirfwoHljiM^i'^H 
Wii   flame  m  ''Land  fflide."  ««. 
"Joint." 

"ChML'* 


"Brick." 
inclined  f  aoe  of  a  outting  or  of  an  embaiiknMat. 
Slake.— See  "Stake." 
Wal.— See  "WalL" 

Q  obkmg  hole  out  throui^  a  piece  of  metal,  plank,  ete.    A  gyoove  eut  iirtan 
or  alialt  to  leceiye  the  k^  (^  a  pulley  or  gear.  y-.r 

Jiye.— See  "Eye." 
; — The  act  iA  cutting  a  dot. 
•madUae. — ^A  machine  for  cutting  dote. 
.—See  "Washer." 
Cement— See  "Cement." 
b— An  artificial  chanad  for  conducting  water.    To  wash  away  earth  or  gnnvl  by 

of  a  swift  stream  of  water, 
r*— Owiflisting  of  light  gravel  and  silt. 
Addar.— See  "Ashlar." 
AsUar  Rfaamiry.— See  "Masonry." 

•— ^To.  extract  the  metals  from  an  <Hre  by  heating  in  a  reduction  furnace,  naaiQy 
by  means  of  coal^  coke,  or  charooaL 
1*8  (C.  Shaler)  Formnliu — ^A  formula  for  kmg  timber  cdumns,  vis.: 

^  6000 

P" r~p 

1 4-  -L-  L 

^^250d" 


*  I 


where  p  »  ultimate  compressive  resistance  in  pounds  per  square  imsh. 
i  »  length  <^  column  in  inches, 
d  ""  least  side  <^  column  section  in  inches. 
Dressing.— See  "Dressing." 
nactme.— See  "Fracture." 

-A  tree,  or  portion  thereof,  having  one  end  resting  on  the  bed  of  a  river  or  Uo 
and  the  other  end  at  or  near  the  surface  of  the  water. 

drag  or  haul,  especially  by  a  chain  or  rope  fastened  to  one  end  of  an  d^eoli 
^iooh  as  a  log.    A  defect  in  rolled  metaL  • 

k— A  tool  used  in  field  riveting  to  form  the  head  of  the  rivet.    It  condsts  of  a  ham- 

mop-like  head  on  a  handle  and  having  one  of  its  faces  hollowed  out  to  give  the 

.desired  di^w  to  the  rivet  head.    By  placing  this  on  the  hot  metal  and  strikil^J^ 

wMiadedge,  the  rivet  end  is  forced  to  conform  to  the  shape  of  the  hoUow.  .  Abo 

•ft  spring  catdi  as  in  a  snap-hook.    To  break  suddenly  with  a  short  firactxire*j      ,  > 

Snap.:— A  tool  used  for  forming  the  head  of  a  rivet.    See  "£huq;>."  .    > 

"Rivet." 
"Link." 
"Bkxsk." 
Block  SiMave.— See  "Sheave." 

.— Chqiping  off,  as  with  a  tool  struck  by  a  hammer.    Cutting  off  quksldiy  wiOi 
ft  pair  of  snips. 

stout  hand  diears  used  for  cutting  sheet  metaL  .,  \ 

-1^  dhedt  suddenly  as  in  the  case  of  a  swiftly  moving  rope  by  taking  a  ^fcwn 
ammnd  a  post  er  tree.  -j^lX 

ilne--See  "line."  ,^ 
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jMllbd  ii  aiBd  to  vslfei 

— AtootniUis 

mMiBtBd  tflfBthur  and  a  pol  to  UU 

fllBotiinl  Mudootor  womi' li 

When  eaRying  an  eleettie  eatniit  it  aeli 
BiieMid  Bnikn.*-I3ee  ''Bfake.^ 
Sale  Pinter— See  "Plate." 
Seli  ArclL-See  "Aioh." 
Seli  Stod  Floor.-See  "Floor." 
Seli  Wel>.-See  "Web." 
Solltoqr  Bent— See  "Bent.'' 
Sohrent — ^A  fluid,  such  aa  water  or  aloobbl, 
Sonnding.-~Mea8uring  the  depth  of  water.    Alto 

surface,  of  bed  rock  or  other  strata. 
Sonnding  Itod.-See  "Rod." 
Sound  Knot— See  "Knot." 
Sonndneaa  of  Cement — See  "Cemoit." 
Spacer. — ^An  iron  casting  usually  spool-ahaped  IrHlf'^' 

to  separate  beams  or  girders  when  two  or 

member.  •  '^^-^ 

Spadng  Punch.— See  "Punch." 
Spadng-table. — A  movable  table  with  a  gauge  oo  ttilli 

punching  work.  •     ^"-^^ 

Spacing  Washer.--Same  as  "Packing  Washer."    Sea^ 
Spade  (in  concreting). — ^To  work  the  mortar  to  the  faioi 

spade  up  and  down  next  to  the  form.    A  Higgmg 
Spall  or  Spawl. — ^A  small  piece  of  stone  chipped  from  a 
l^alling  Hammer.— See  "Hammer." 
Span. — ^The  distance  between  two  supports  holding  iq>  a 

that  rests  on  the  supports,  as  a  span  of  a  bridge.  -  Tt 

another  by  means  of  a  structure. 
Anchor  Span. — In  a  bridge  consisting  of  a  series  of 

ates  two  cantilever  arms  of  other  spans  is  termed  mt 
Bascule  Span. — The  moving  span  of  a  bascule  bridge. 
Beam  Span. — A  span  built  with  beams. 
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Cantilerer  Span. — That  span  of  a  cantilever  bridge,  which  contains  a  suspended 

span  and  either  one  or  two  cantilever  arms.    In  some  cases  the  suspended  span 

(most  improperly)  is  omitted,  making  the  cantilever  span  consist  of  two  cantilever 

arms  only. 
Channel  Span. — The  span  which  bridges  the  deepest  part  of  a  river  or  that  part 

most  accessible  for  navigation. 
Clear  Span. — The  distances  between  the  two  inside  faces  of  the  supports  of  a  span. 
Continnons  Span. — ^A  span  that  is  supported  on  more  than  two  piers  or  on  more  than 

one  abutment  and  one  pier  and  which  distributes  the  load  to  the  various  supports 

on  which  it  rests,  or  a  series  of  consecutive  spans  effectively  connected  together 

over  the  points  of  support. 
Deck  Span. — One  of  the  spans  of  a  ''Deck  Bridge/'  q.v. 
Draw  Span. — ^A  movable  span  in  a  bridge  over  a  navigable  stream,  to  permit  the 

passage  of  vessels. 
Eiteeti^e  Span. — ^The  distance  from  centre  to  centre  of  end  pins  in  a  bridge  span, 

or  that  between  centres  of  bearings  in  any  structure. 
Fixed  Span. — ^A  span  that  is  not  movable,  in  contradistinction  to  a  draw  span. 
Girder  Span. — A  span  built  of  girders. 
Half-throngh  Span. — A  span  in  which  the  deck  is  placed  between  the  upper  and  the 

lower  chords  and  where  there  is  no  overhead  bracing. 
Intermediate  Span. — Any  one  of  the  spans  between  the  end  spans  of  a  bridge. 
Lift  Span. — A  span  of  a  bridge  that  is  raised  for  the  passage  of  vessels. 
Movable  Span. — Any  span  of  a  bridge  that  may  be  moved  in  any  manner  to  allow 

passage  for  vessels  through  or  under  the  bridge. 
Shore  Span. — ^Either  the  first  or  the  last  span  of  a  bridge. 
Simple  Span. — ^A  span  that  rests  on  two  supports,  one  at  each  end,  and  that  does 

not  affect  the  stresses  in  the  adjoining  spans. 
Skew  Span. — ^A  span  making  an  angle,  other  than  a  right  angle,  with  the  axes  of 

the  piers  and  abutments. 
Spread  Span. — ^A  span  at  the  end  of  a  bridge  so  spread  out  at  the  shore  that  diverg- 
ing tracks  may  be  run  thereon. 
Suspended  Span. — ^A  span  connecting  two  cantilever  arms  and  supported  whoUy 

thereby. 
Swing  Span. — A  span  that  revolves  on  a  centre  pier  or  swings  from  an  end  pier  to 

allow  a  passage  for  vessels  through  the  bridge. 
Throngh  Span. — A  span  in  which  the  traffic  is  carried  between  the  trusses  and  which 

has  lateral  bracing  in  the  plane  of  the  upper  chords. 
Tower  Span. — A  span  directly  over  and  supported  by  a  tower  in  a  trestle  or  viaduct. 
Truss  Span. — A  span  supported  by  trusses. 
Span  Dog.— See  ''Dog.'' 
SpandreL — ^The  space  from  abutment  to  abutment  in  an  arch  bridge  extending  from 

the  top  of  the  arch  masonry-  to  the  top  of  the  roadway. 
Spandrel  Braced. — In  the  form  of  a  trussed  arch,  in  which  the  top  chord  is  horisontal 

and  the  bottom  chord  is  arched. 
Spandrel  Column. — See  "Column." 
Spandrel  Hanger. — See  "Hanger." 
Spandrel  WaU.— See  "WaU." 
Spanish  Windlass.— See  "Windlass." 

Span-length. — The  distance  from  centre  to  centre  of  supports. 
Clear  Span  Length.— Same  as  "Clear  Span."    See  "Span." 
EiTective  Span  Length.— Same  as  "Effective  Span."    See  "Span." 
Spanner. — A  wrench  for  coupling  and  uncoupling  hose. 
Sparry. — Pertaining  to  the  carbonate  of  iron. 
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Spfln.—- fibnilar  to  ^ 
Gat  SpOn.— A  ipike  out  or  sUmfwl 
.riMT  Splko.— Ally  ipike  med  in 
Hani  Splko.— A  wooden  lever  for 
Jaf  Splko.— Same  as  "  Ja«  Bolt'' 
Mtflne  Splko.— A  tapering,  aliaipi^«lillii|^|||| 
of  a  rope  for  splicing.  .:^^^ 

Nafl-head  Spike.— A  spike  having  a  kMg^ 
Baflniad  SpOie.— Same  as  "Track  Spike^^f  J^ 
Screw  Track-qrfke.— A  lange,  threadedi 
out  on  the  underside.    These  screw 
spike,  especially  on  bridges.    A  hole  is 
then  the  spike  is  screwed  into  place. 
Spike  Knot-See  ''Knot." 
Spike  ManL— See  "  Maul." 
Spiia* — ^Incorrectly  used  for  "Pile,"  9.9. 
Spindle. — ^A  short  shaft  carrying  a  ipdieel.    A 

"Baluster,"  q.v. 
Spin  Gear.— See  "Gear." 
fi^iral. — ^The  curved  path  of  a  moving  point  rotating 

radius. 
rSfbnl  Carve. — Same  as  "Easement  Curve."    See  ** 

Gear.— See  "Gear."  -  « 

Riveted  Pipe.— See  "Pipe."  wt 

Slide  Rule.— See  "SUde  Rule." 
It  Uvel.-See  "Level." 

ler. — ^A  guard  placed  over  a  wheel  to  prevent  oB 
on  persons  or  neighboring  objects.  i^ 

r. — ^To  widen  or  spread  out  as  in  the  wing  waOs  Of 
. — ^To  unite  two  pieces  firmly  together.    The  pii|t 
itt  Splice. — ^A  splice  formed  by  bringing  ihe 
material  together  and  joining  them  by  welding 
or  scabs. 
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jmnt  or  oooDeotaon  made  of  two  cndi  of  a  eatik*.  IIni. 
of  tlw  ends  of  two  ropes  or  oablai.  '     ,        ,(.;iNfi^ 

Sple^— A  splioe made  in  a  chord  of  a  tnuB.  .  V'^^i"^' 

Siliee.-~A  q>Iioe  fonned  by  bending  back  the  end  of  a  rope  or  cab 
into  the  body  of  the  rc^  so  as  to  fonn  a  kxyp,  at  an  eye.  ^.^, 

£^lice. — ^A  spKce  made  in  the  flange  of  a  beam  or  girder. 
Spliee. — ^A  splice  ci^Mible  of  devebping  the  full  strenglh  of  a  memb^* 
filpliee. — ^A  splice  made  by  placing  one  piece  on  tc^  of  anothor  and  f aatcmc 
igether  with  pins,  nails,  screws,  bolts,  rivets,  or  similar  contrivancea. 

Splice. — A  splice  that  is  ci^Mble  of  developing  only  a  part  of  the  rrniiti^ififi 
a  member.  ,.,.« 

SlBce. — ^The  joining  of  two  piles,  end  on  end,  by  means  of  wooden  4MaliB  fir 
\mxL  plates  bolted  to  them  or  by  means  <^  a  cylindrical  steel  shell  dipped  Ofer  ja4 
~  totibeends. 
Qplfee.— 'The  joining  of  two  rails  by  qplice  bars  and  boHa. 

Splice. — ^In  a  member  composed  of  a  munber  of  con^onent  parts,  8|i^  aa 
.one  with  compomid  web  plates,  a  shinf^e  q>lice  ccmsists  in  cutting  all  of  the  said 
oomponent  parts  at  different  but  near-by  locations  and  letting  the  qp^kje  pj^^i^ 
Over  all  the  individual  joints.  ,  .v' 

Splice. — ^A  short  piece  of  rc^  spliced  into  a  longer  rope  to  fonn  a  atoppsr 
or  dheck  to  prevent  the  rope  from  running  out  of  a  block. 

SlBce.— Same  as  ''Full  l^lice,"  q.v. 
febiSpliee. — ^A  splice  joining  two  web  plates. 
Bar.— See  "Bar." 

"Pile."  '.  ^ 

Jatat— See  "Joint."  '         V, 

Plate.— See  "Hate." 

Shackle.— See  "Shackle."  .;     , 

h — A  thin  woodoi  strip  or  filler  for  inserting  in  cracks  between  pbnks. 
Cfaar.— See  "Gear." 

"Pulley." 
1. — Short,  flat  stripe  <^  steeL 
"Switch." 
"Tie." 

"Wheel." 
-Metal  in  a  porous  fonn. 
. — ^Tlie  state  or  character  of  being  soft,  porous,  or  qKmgy. 
short  cylinder  with  a  longitudinal  hole  through  its  centre;  also  a 
head  on  a  hoisting  engme. 

• — A  small  bowl-shi4)ed  piece  of  metal  with  a  rod  for  a  handle  used  to  dean  out 
maccessible  hdes  such  as  a  drill  hole, 
as  "Chute,"  g.». 
• — To  flatten  out;  to  widen. 

-A  tool  for  spreading  refractory  metal  over  a  furnace  bottom.  1 . 

.JISttMlatfon.— See  "Foundation." 

-rale.— The  rate  a  paint  or  paint  material  as  used  is  brushed  out  io^ooi^ 
tfamoos  unifonn  film,  measured  by  the  area  which  a  unit  volume  will  eovsr. 

"Span." 
•—An  dasUc  body  used  to  reduce  the  force  of  impact.    To  rise  or  mqfV9 
A  flow  of  water  from  the  ground.      ., 

"Balance." 
"Clips."  ^  . 
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witii  ft  lever  ami  aqiMl  to  the 
of  the  liniotufe  about  wliiflli  it 

StadfaL— A  method  of  meMiiinc  dirtaiideilijp 

made  by  tbe  atadift  wirea  in  the 
Stetfft  Rod.— See  "Rod." 
cttatfia^wiiia^— iwo  nonioDcai  iniea  ptaoBg 

tbe  tekacope  of  a  txaaait. 
Stage.— A  platfonn,  eltliar  fixed  or  awioilblii^  igpi 

acaffold;  also  the  interval  between  two 

lifting  excavated  materiaL 
Stagger. — ^To  arrange  in  a  sigiag  ofder,  aa  the 
Staggered  Rlreting.— See  "Riveting." 
Staging.— Same  as  "Stage,"  uaed  odleettvely.    See 
Stainer.— One  who  applies  stain.    A  cofaring  wMHtii 
Stake.— A  short,  flatHsided  piece  of  wood  lAmrpmni 

on  the  surface  of  the  ground  where  work  ia  to  be 
Berme  Stakes. — Stakes  showing  the  side  Unes  dl  ft' 
Finishing  Stakes. — Final  stakes  set  for  the 
Grade  Stakes. — Stakes  showing  by  suitable  notaUoo 

the  grade  line.  ^  • 

Slope  Stakes. — Slope  stakes  or  toe  stakes  are  ataliaa 

cut  or  fill  in  order  to  indicate  the  position  of  the 
Stalk. — ^A  spiked  iron  rod  forming  the  centre  for  a  edt^ 

of  a  ladder. 
Stamp. — A  die;  to' make  an  impression  on  a  surfaoe  by 
Stamping  Hammer.— See  "Hammer." 
Stanchion. — ^An  upright  post  supporting  a  roof.  • 
Standard. — Any  measure  of  extent,  quantity,  qualityj 

by  general  usage. 
Standard  Gauge.— See  "Gauge." 
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Standardize. — ^To  regulate  by  a  standard. 

SUudardized  Tape.— See  "Tape.'' 

Standard  Knot— See  ''Knot/' 

Standard  Sieve.— 3ee  ''Sieve." 

Standard  Thread.— See  "Thread." 

Standing  Blodc. — ^A  pulley-block  fixed  to  some  permanent  support. 

Standing  Bolt— Same  as  a  "Stud  Bolt."    See  "Bolt." 

Standing-end. — ^As  applied  to  a  rope,  it  is  the  end  made  fast  to  a  block  or  other  fixed 

point. 
Standing  PUe.— See  "PUe." 
Standing  Rope.— See  "  Rope." 
Staple. — ^A  standard;  a  piece  of  wire  or  metal  bent  into  the  shape  of  the  letter  U,  and 

having  its  ends  sharpened  to  a  point  so  as  readily  to  penetrate  wood. 
Starling. — ^A  cutwater;    the  projecting  end  of  a  bridge-pier,  usually  so  shaped  as  to 

allow  ice,  drift,  etc.,  to  strike  it  without  injury. 
Starling  Coping. — Same  as  "Cocked-hat,"  q,v. 
Starred  Angles.— See  "Angle." 
Star  Section.— See  "Section." 
Star  Stmt— See  "Strut." 

Static — Pertaining  to  or  designating  bodies  at  rest  or  forces  in  equilibrimn. 
Static  Deflection.— See  "Deflection." 
Static  Eipiilibriani.— Sec  "Equilibrium." 
Static  Load.— See  "Load." 
Statics. — That  branch  of  mechanics  which  deals  with  a  balanced  system  of  forces 

acting  on  bodies  at  rest. 
Graphic  Statics. — A  method  of  resolving  and  combining  forces,  determining  their 

resultant,  its  direction  and  point  of  application,  shears,  and  bending  moments 

by  graphical  processes. 
Static  Stress.— €ee  "Stress." 
Stationary  Engine.— See  "Engine." 
Stave. — One  of  the  boards  joined  laterally  to  form  a  barrel  or  hollow  cylinder.    Pieces 

of  wrought  iron  welded  together  as  a  basis  for  making  shafts.    To  swell  up  the 

end  of  a  tube. 
Stay. — ^A  rope  used  to  support  a  vertical  pole  or  mast,  such  as  a  derrick  mast.    To  sup- 
port by  means  of  stays. 
Baclc-stay. — A  rope  or  cable  extending  backward  from  the  head  of  a  mast  and  fas- 
tened to  some  permanent  object.    A  rear  cable  in  a  suspension  bridge  running 

from  the  top  of  tower  to  the  anchorage. 
Stay  Bolt— See  "Bolt." 
SUyed-link  Chain.— See  "Chain." 
Stay  Plate.— Same  as  "Batten  Plate."    See  "Plate." 
SUy  PUe.— See  "Pile." 
SUy  Rod.— See  "Rod." 
Stay  Wlre.-^Same  as  "Guy  Wire,"  q.v. 
Steamboat  Jack.— See  "Jack." 
Steamboat  Ratchet— See  "Ratchet." 
Steam-chest — ^The  chamber,  adjoining  the  cylinder  of  a  steam  engine,  in  which  the 

slide  valve  works. 
Steam  Condenser. — See  "Condenser." 
Steam  Crane. — See  "Crane." 
Steam-cyHnder. — A  cylinder  in  which  steam  does  work  by  expanding  against  a  movable 

piston. 
Steam  Dredge.— See  "  Dredge." 
Steam  Engine.— See  "  Engine." 
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Steam  Gantfe.— See  "Gauge." 
Steam  Hammer. — See  "  Hammer." 
Steam  Hammer  POe  Driver.— See  "  Pile  Driver." 
Steam  Hoist— 3ee  ''Hoist." 
Steam  Hose.— See  ''Hose." 
Steam  Jacliet— See  "Jacket." 
Steam  Jet— See  "Jet." 
Steam  Port— See  "Port." 
Steam  Riveter.— See  "Riveter." 
Steam  Siphon.— See  "Siphon." 

SCeatite. — Massive  talc  or  soapstone,  a  hydrous  magnprian  silicate. 
Steel. — ^A  modified  form  of  iron,  not  occurring  in  nature,  made  from  pig  iron  by  oridtaiy 
most  of  the  carbon. 
Add  SteeL — Steel  made  without  the  use  o(  lime. 

Add  Bessemer  Steel. — ^A  metal  produced  by  the  decarburisation  of  crude  pig  iroo 
in  a  converter  where  finely  divided  air  currents  are  blown  through  the  moiten 
mass.  The  lining  of  the  converter  is  of  a  silicious  material  that  will  have  no  efiert 
on  the  phosphorus,  hence  that  element  is  not  eliminated. 
Add  Open-hearth  Steel. — A  metal  formed  of  pig  iron,  cast  iron,  and  wrou^t  iroo 
or  steel  scrap,  which  is  converted  into  steel  by  the  direct  action  of  an  oTJdtumg 
flame  in  a  regenerative  gas  furnace.  The  furnace  is  lined  with  a  silidouB  mateml 
that  has  no  effect  on  the  phosphorus  content. 
Alloy  SteeL — ^A  steel  carrying  a  certain  portion  of  some  other,  metal,  such  as  nidcd 

or  vanadimn. 
Basic  Open-hearth  Steel. — ^A  metal  formed  of  pig  iron,  cast  iron,  and  wrou^t  btm 
or  steel  scrap,  which  is  converted  into  steel  in  a  furnace  having  a  lining  of  dofe- 
mitic  limestone  in  order  to  resist  the  action  of  the  slag.    This  slag  contains  nrach 
of  the  phosphorus  in  combination  with  calcined  lime  with  which  the  fomaoe  b 
charged.     In  this  way  the  phosphorus  content  is  reduced  materially. 
Bessemer  Steel. — Steel  made  by  the  "  Bessemer  Process,"  q.v. 
Blister  Steel. — Steel  made  from  wrought  iron  by  heating  it  win\e  in  coQtact  with 

some  form  of  carbon. 
Boiler  Steel. — A  medium  steel  rolled  into  plates  from  one-fourth  to  one-half  zadi 

in  thickness  and  used  for  making  boilers. 
Bronze  Steel. — ^An  alloy  of  copper,  tin,  and  iron  used  as  gun  metaL 
Burning  Steel. — ^A  mechanical  separation  of  the  grains  due  to  extreme  overheatsig 

of  steel. 
Burnt  Steel. — Steel  that  has  been  overheated  in  the  making  or  remelting.    It  k 

coarse-grained  and  very  brittle  when  either  hot  or  cold. 
Carbon  Steel. — Ordinary  steel  which  contains  no  other  alloying  element  than  \ht 
usual  amount  of  manganese.    The  term  is  generally  employed  in  contradistinctioQ 
to  nickel  steel  or  other  alloy  steel. 
Case-hardened  Steel. — Steel  with  the  outer  skin  hardened  by  heating,  after  being 
made  into  shape,  with  some  such  animal  substance  as  grease,  bone,  hooisj  (x 
horns. 
Case  Steel. — The  outside  skin  on  steel  caused  by  case  hardening. 
Cast  Steel. — Steel  that  is  cast  into  shape  directly  from  the  furnace  instead  of  being 

cast  into  ingots  and  rolled  or  melted. 
Cemented  Steel. — Steel  produced  by  impregnating  bars  of  wrought  ircm  or  soft  steel 

with  carbon  at  a  temperature  below  the  melting  point. 
Charcoal  Steel. — Steel  in  which  charcoal  is  used  for  a  fuel  in  its  production. 
Chrome  Steel. — Steel  that  usually  contains  two  per  cent  of  chromimn  and  from  eight- 
tenths  of  one  per  cent  to  two  per  cent  of  carbon.    It  is  very  hand  and  has  a  high 
elastic  limit. 
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fltofiii    flUwl  thai  has  undnBone  &  nroecw  of  oeodflnlfttiQB  Ia  flm  ibiidi^ 
or  oonTBitiiig  pots. 
GmI  StoeL  or  GnMMe  SImL— Steel  made  l«y  aoeltiiig  dkyim  in  a.«)lp0d 
the  ▼anoua  grades  of  iron  or  ated  with  or  without  the  additkxi  of  eaiJMi^ 
or  other  materiala. 
Shear  SteeL— Steel  made  by  a  prooeaa  in  whidi  the  aheariiig  and  wridj&i 
for  aini^  ahear  ateel  18  repeated. 
If  ItleeL— Burnt  ated  showing  veiy  coarse,  bright  graina  when  fractured*. 
^pML — ^Flemish  steel  wrought  &oni  wedge-ahaped  ingots. 

StecL—Steel  inade  in  Germany— an  obadleto  tenn.  .:,\^ 


of  Steal.— Bringing  the  metal  to  the  condition  in  which  it  ia  beat  able 
abrasion  at  aoratching.    This  is  aocompKahed  by  heating  the  steel  te  a 
^^temperature  and  cooling  quickly,  or  by  mechanical  woridng. 
mL— Steel  that  haa  undergone  the  proceas  of  hardening.    Alao  aame  aa 
Sted,''  9.V. 

•—Steel  made  by  a  process  patented  by  a  Mr.  Hay.    It  waa  used  in  Hie 
of  the  bridge  over  the  Missouri  River  at  Glaagow,  Mo.    It  jsnoloeiier 


JpaaL    Steel  containing  a  comparatively  large  amount  of  carbon,  jj^cooi, 
iio  one  per  cent. 

Steel. — ^A  sted  solid  and  free  from  blow  holea.    A  variety  of  enadUs 
ieaaily  bent  and  worked. 

SteeL — ^A  sted  that  is  veiy  brittle  when  hot—usually  due  to  an  n^nesaJvo 
i  of  sulphur. 
StoeL— Sted  run  from  the  furnace  into  rectangular  nKNilds  to  besubnmpiffntly 
arf«ged. 

tteeL—rA  soft  sted  containing  a  small  amount  of  cari>on — less  than  OQe4oinrt|i 
one  p^  cent. 

SteeL — Sted  containing  from  deven  per  cent  to  fourteen  per  eent  fit 
and  one  and  one-half  per  cent  iA  carbon.    This  is  a  very  hard»  brittle 
and  haa  to  be  treated  by  cooling  in  water  to  remove  the  extreme  hrittleneafi. 
where  hig^  resistance  to  abradon  la  necessary.    Mayarf  Sted,  see  page  OB* 
SteeL— Sted  ndther  very  hard  nor  veiy  soft,  containing  from  one«lourtll 
QQe4kaIf  per  cent  of  carbon.  ■.    > 

soft  sted.    Same  as ''Low  Sted,"  g.o. 
Sted. — ^A  steel  containing  one  and  one-half  per  cent  of  carbon  and  froin 
to  ei^t  per  cent  of  tungsten,  which  when  hardened  by  air  cooling  hdda  itt 

until  it  becomes  red-hot. 
SleaL— Sted  containing  from  three  per  cent  to  five  per  cent  of  niekd  and 
ll^OHtenths  to  one-half  per  cent  of  carbon.  The  addition  of  the  nickd  inereapea 
^llrailgth  and  the  elastic  limit  of  the  metal. 

SteeL    Sted  produced  in  a  regenerative,  reverberatory  furnace  where 
ia  open  and  exposed  to  tibe  action  of  the  flame. 
||oa(rr-A  defect  in  the  top  of  an  ingot  due  to  the  shrinking  of  metal  iribSe 

thua  leaving  a  cavity. 
^-„-^,,  A  sted  made  by  the  puddling  process  in  a  reverberatory  fumape  in 
litt  carbon  is  reduced  at  a  low  temperature  to  one-half  <^  one  per  cent.    Thia 
li  asidom  uaed  nowadays.  ,.,.>- 

9N4i/--'I^miting  burnt  sted  by  heating  and  merhanJcaUy  worifewg  jBlt>. 


-Mkm. 


iM,. 


"A  aofi  sted  from  which  rivets  are  made. 
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If iii  fliiiii    Otnil  mjiablB  rf  teftii 
Wit  Sie^v^-^ifeeel  tlM  ^lits  jyTflil' 
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Stod  Plfe.--8ee  "File.'' 

StofadBf.— The  hriek  or  stone  wall  Hoing  ft  tM||i,  ^^^ 
Stem.— The  handle  of  a  tod;  tiie  proJdeilii|T 

of  an  object  oonneeting  two  karger  pot^^™^^^^ 
Stem-aectlon.— That  portkm  of  an  objiwi 
Stepped. — ^Formed  into  a  series  of  stips. 
Stepped  Gear.— See  "Gear." 
Step  Stone.— See  "Stone." 
Stereotomy. — ^The  science  of  cutting  solids  idtb 

stonework.  l*i««»^1 

Sterro  Metal.-See  "  Metal."  -  *^ 

Stevedores'  Knot— See  "  Knot."  '' 

Stiff. — ^Rigid,  not  easily  bent,  not  working  eaaQy; '    ^  ^^ 
Stiffener. — ^A  secondary  member,  usually  an  ai 

buckling. 
End  Stiffener. — ^Vertical  angles  riveted  to  the 

purpose  of  stiffening  it  and  transferring  the  enid' 
Intermediate  Stiffener. — ^Any  one  of  the  stifteiift 

end  stiff eners.  •  "^ 

Web  Stiffener. — ^An  angle  riveted  to  the  web  of  ft^ 

prevent  buckling. 
Stiifening  Angles.— See  "  Angle."  . 

Stiffening  Girder.— See  "  Girder."  ^^i 

Stiffening  Rib.— See  "  Rib." 
Stiffening  Stmt.— See  "  Strut."  '  *^ 
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%  fimmee. 
la  appMitus  or  tod'teMdidg  mi^^  ^M^ 

frith  i^mmIUm  attaehed.  used  for  iMildinii  aoi^iiatttiiiidiii 

mtt  in  tlw  iupportiiii  tinibenk.  ')         .^^^^f  L.^;<iv>it3t?;^^^:i(7(t 

man  pieoe  of  lock.'   A  i^eoe  ol  rode  hewn  or  Ihiiied  far  ■pneMta  iii|^iafe^ 
aa "Youflioir/' ^or.  ;.;     '^  ^.r  HisiiiiHI 

imighly  dnased  with  a  heavy,  aowJflce  tooL  •VM-k^^i4.i)«^. 

of  the  gtonea  in  a  bottom  ooaxae  of  maaomy.    ::  ./^    rii^irvlje 

iliieaay    A  iafe  atone  bridge  •I»^^iflf»o*^^gPi*tt<'^^  .(     .nfi;ii<^ 

oeed  for  eonerete,  road  pavementy  baUaat  lor  tradoy  ete^       ••^  :<  v<i nito/ 
.IBIianan  •  Any  lodk  having  the  neewaiy  ahitniaa»  wMet^mDA^^m»mMBB^ 
can  be  eonverted  into  oement  under  proper  treatment. 

whaefi  has  been dreaeed  with  a  aMaon'aohiad  toaanloalhMAioe. 
Slona.— Large  out  atone  having  ihe  face  kit  roan^  uaed  Immmim 

Sandateaai    A  nndat^one  found  in  Dordieeter^  New  BniriiiWiiil . 
Stfine.— Stone  having  a  narrow  diieel-draf 1 4mt  around  tha-laee  or 

-A  moulding  or  oomioe  projeoting  from  a  oohmm  to  pretml  raia.  artllcr 
trickling  down. 

oodde  of  iron  rendered  impure  throui^  the  ailiniituBe.of  affiea*  ttid 

-The  centre  or  highest  voueeoir  or  ardi  stone. 
StsMB^    Stone  employed  in  msaonry  eonstruction.  .  >  ^ '•j; 

by  one  man.  ;;..-' 
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Stone.— Same  as  "Rubbed  DresBing/' 9.9. 

rode  fonned  by  the  ccmsolidation  of  sand. 
Btanoy    The  first  course  of  stone  below  the  springing  line  in  an  areh# 
-The  stone  which  forms  a  step  in  foundations. 
"Axe.'* 

boat  or  barge  which  carries  stones. 
r^^A  machine  for  crushing  stones. 
"Bridge." 
"Cutter." 
"DrilL" 
w  "Gilder." 


:'A 


-A  machine  for  smoothing  the  surface  of  a  flat  stone. 

a  machine  or  a  man  that  polishes  the  face  of  a  i^ona,  aHit  It 
rJ^MD  moothedf  by  the  use  of  powdered  pumice-stone  and  water. 

as  "Belt  Cknine,"  q.v.  ^^ 

^•Saw."  .1; 


>j',.f 


,.. 


■>  *V' 


i* 


■moiptii  m:  oompivmooL    on  ' 
Ijitaral  Sinda. — A  defofinftliaii  at  ii|^ 
Bate  of  Sinda.— The  ratio  of  Oia  c'^^"^ 
Aearlac  Sinda. — The  delbnnaliaii 
Tearile  Straiaw— The  defonnatioo 

"StreCoh"  or  "Eloiigaikm." 
TTorriaari  Stndaw— A  defotmatioii  in  a 
TVaasfcrae  Straia.— A'defonaatioii  euami}9f 

am  of  a  member.  '-j^wi 

Straiaer. — ^Any  device  used  to  Bepaiate 

strainer  on  the  end  of  a  suetioa  hoae  of  # 
Strain  Sheet—Wrongly  used  for  "Streoi  Shee^'' 
Stralie. — A  breadth  of  planking;  the  Itoop  or  lim 
Strength. — ^The  capacity  to  resist  distortioii  or 
CompressiTe  Strength. — The  capacity  to 
Cmsiiing  Strengtiu — ^The  ultimate  power  da 

crushing. 
Hydraniic  Strengtlu — ^The  strength  developed  fay 

in  water.  '  'r*iifr 

Proof  Strength. — ^The  greatest  resistance  tliat  A 

without  the  stress  exceeding  the  elastic  limit  of  |hi 
Shearing  Strength. — ^The  resistance  which  a  bodjf 
Tensile  Strength. — ^The  resistance  which  a  body  eia# 
Strand.-~One  of  the  small  threads  used  in  tnnlrin|| 
Strap. — ^A  narrow  band  of  flexible  material  used  to 

articles. 
Bait  Strap. — A  steel  attaching  plate,  used  in 

outside  of  two  abutting  timbers. 
Eccentric  Strap. — ^The  band  of  iron  or  steel 

the  eccentric  and  in  which  it  revolves. 
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Strap  Bolt— Same  as  "Lug  Bolt/'  q,v. 

Strap  Hinge.— See  "Hinge." 

Strap  Joint— See  "Joint." 

Strap  Rail.— See  "Rail." 

Stratification. — ^A  geological  formation  consisting  of  layers  or  bands 

Stratum. — ^A  natural  or  artificial  bed  of  rock  or  earth. 

3traw-l>os8. — Same  as  "Pusher,"  q,v. 

Stress. — An  internal  distributed  force  that  resists  the  change  in  shape  and  size  of  a 

Ixxly  subjected  to  external  forces. 
Adrandng  Load  Stre88.-^A  stress  in  a  member  induced  by  a  load  advancing  on  the 

structure. 
Allowable  Unit  Stress. — ^The  allowable  stress  per  unit  of  area  given  in  the  specifications. 
Apparent  Stress. — ^A  term  used  to  indicate  that  the  stress  has  been  determined  by 

the  principles  of  statics,  and,  therefore,  ignoring  the  effect  of  the  lateral  deforma- 
tion of  the  member  or  that  of  secondary  stresses. 
Axial  Stress. — ^A  stress,  either  tension  or  compression,  acting  along  and  in  the  direction 

of  the  axis. 
Balanced  Load  Stress. — ^A  stress  in  a  member  of  a  draw  span  induced  by  having 

both  arms  of  the  draw  sjrmmetrically  loaded. 
Bearing  Stress. — ^The  stress  developed  in  a  bearing  by  the  superimposed  load. 
Bending  Stress. — ^The  stress  produced  in  a  member  by  a  bending  moment. 
Bond  Stress. — ^The  longitudinal  stress  set  up  between  the  surface  of  a  reinforcing 

bar  and  the  surroimding  concrete. 
Breaking  Stress. — ^The  stress  developed  in  a  member  at  the  point  of  rupture. 
Buckling  Stress. — A  compressive  stress  so  great  that  the  elastic  limit  of  the  piece 

is  exceeded,  and,  in  consequence,  a  buckling  or  bulging  of  the  material  occurs. 
Centre  of  Stress. — The  point  of  application  of  the  resultant  of  the  stresses  on  a 

section. 
CentriAigal  Stress. — ^A  stress  due  to  the  centrifugal  reaction  of  a  live  load  moving 

in  a  curve;    Any  stress  acting  in  an  outward  direction  from  the  centre  of  a  body. 
Centripetal  Stress. — ^Any  stress  acting  toward  the  centre  of  a  body. 
Chord  Stress. — Any  stress  which  exists  in  a  chord  of  a  truss. 
Combined  Stress,  or  Compound  Stress. — A  union  of  stresses  such  as  direct  stress 

and  bending. 
Compressive  Stress. — ^A  stress  which  resists  the  shortening  effect  of  an  external 

compressive  force. 
Concentrated  Load  Stress. — Stress  induced  in  a  member  by  concentrated  loads  on  a 

structure. 
Coiijngate  Stresses. — ^Two  sets  of  stress^  each  of  which  acts  parallel  to  the  plane 

upon  which  the  other  acts. 
Counter  Stress. — ^A  stress  in  the  web  member  of  a  truss  which  occurs  for  certain 

positions  of  the  live  load  and  is  the  reverse  of  the  usual  stress  in  the  member  or  panel. 
Crippling  Stress. — ^The  stress  resulting  in  a  member  at  the  point  of  crippling.    The 

stress  necessary  to  cripple  the  member. 
Cumulative  Stress. — A  stress  that  piles  up  in  a  member. 

Dead  Load  Stress. — The  stress  resulting  from  the  application  of  a  static  load.    Gen- 
erally means  the  stress  produced  in  a  structure  by  its  own  weight. 
Direct  Stress. — A  stress  resulting  from  a  direct  application  of  the  load. 
Direct  Wind-load  Stress. — Stress  due  to  the  wind  load  applied  directly  to  the  lateral 

trusses  of  a  span. 
Ellipse  of  Stress. — ^A  relation  between  stresses  such  that  if  a  pair  of  principal  stresses, 

of  the  same  or  opposite  kinds,  be  represented  by  the  semi-major  and  semi-minor 

axes  of  an  ellipse,  respectively,  the  intensity  of  the  stress  in  any  direction  in  the 

same  plane  is  represented  by  the  semi-diameter  of  the  ellipse  in  that  direction. 
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body. 

M ''Mate  0Mbp«<^ 
ftiadtd  flti«Mm.    Oopjugirte 
Pwe  StreM. — ^A  tenn  used  for 
R—jeof  Oiiiw.    The  Kmite  betgiraeii 

as  the  load  changes. 
Bepeated  Stfoaa.— A  stress  doe  to  a  load 

body  a  great  number  <^  times.  '  ;  H; 

Reaultant  Stress.— The  stress  rasultiDKfroitt 

a  piece  simultaneously. 
Rerersal  of  Stress. — ^The  changing  of 


versa. 
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Torsioiial  Stress. — ^The  stress  arising  from  the  deformation  set  up  by  a  torque  or 

twisting  moment. 
Total  Stress. — ^The  sum  of  all  the  stresses  at  a  section  of  a  body. 
Traction  Stress. — ^A  stress  caused  by  the  thrust  of  a  braked  train  due  to  the  friction 
of  the  wheels  on  the  rails  when  skidding,  or  by  the  horizontal  effort  of  the  loco- 
motive wheels  against  the  rails. 
Transferred  Load  Stress. — The  stress  in  a  member  caused  by  the  transferring  of  a 

load  from  another  member. 
Transverse  Stress. — ^A  stress  at  right  angles  to  the  axis  of  a  member. 
True  Stress. — ^A  stress  as  measured  by  the  deformation  as  it  actually  occurs. 
Ultimate  Stress. — The  greatest  stress  which  can  be  produced  in  a  body  before  rupture 

occurs. 
Uniform  Stress. — A  stress  which  has  a  imiform  intensity  throughout  its  area  of  action. 
Uniform  Load  Stress. — A  stress  resulting  from  the  application  of  a  load  uniformly 

distributed  over  ihe  structure. 
Uniformly  Varying  Stress. — ^A  stress,  the  intensity  of  which  varies  as  its  distance 

from  a  fixed  point. 
Unit  Stress. — The  stress  per  unit  of  area;  the  measure  of  intensity  of  stress. 
Uplift  Stress. — A  stress  due  to  an  uplift  action,  as  that  from  the  end  lifting  machinery 

in  a  swing  span. 
Vttmtory  Stress. — A  stress  caused  by  vibration. 
Web  Stress. — ^Any  stress  in  a  web  member  of  a  truss. 

Wind  Stress. — A  stress  caused  by  the  application  of  a  wind  load  to  the  structure. 
Woridng  Stress. — ^The  allowable  stress  on  any  piece  as  provided  in  the  specifications. 

Carelessly  used  for  "Working  Unit  Stress,"  q.v, 
Woridng  Unit  Stress. — ^The  allowable  imit  stress  or  intensity  on  any  piece  as  provided 
in  the  specifications. 
Stress  Couple.— See  "Couple." 
Stress  Diagram. — See  "Diagram." 

Stress  Sheet. — Same  as  "Stress  Diagram."    See  "Diagram." 
Stretcher. — In  masonry,  a  stone  laid  with  its  long  dimension  parallel  to  the  wall. 
Stretcher  Coarse. — See  "Course." 
Strict-heart  Tie.— See  "Tie." 
Striking. — Hitting  with  a  hanuner  or  sledge,  as  striking  a  drill.    Removing  camber 

blocks  or  arch  forms. 
Striking  Hammer. — See  "  Hammer." 
Striking  of  an  Arch.— See  "  Arch." 
Striking  Wedge.— See  "Wedge." 
String  Coarse. — See  "Course." 

Stringer. — A  longitudinal  member  extending  from  panel  to  panel  of  a  bridg<?  and  sup- 
porting the  ties  or  the  flooring. 
Chord  Stringer. — A  chord  length  subjected  to  bending  as  well  as  to  direct  stress. 
Continuous  Stringer. — A  stringer  that  extends  over  two  or  more  panels. 
Jack  Stringer,  or  Outside  Stringer. — A  stringer  placed  outside  the  lineof  main  stringers. 
Track  Stringer. — A  beam  or  girder  carrying  a  track. 
Stringer  Bolt.— See  "Bolt." 
Stringer  Bracing. — See  "Bracing." 
Stringer  Packing.— See  "Packing." 
Stringer-spacing. — ^The  distance  between  the  centres  of  stringers  and  their  location  with 

reference  to  the  centre  line  of  structure. 
String  Packing.— See  "Packing." 

String-pieces. — The  sloping  beams  of  a  stairway  which  support  the  treads. 
String  Polygon. — Same  as  "Equilibrium  Polygon,"  q.v. 
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BiK  8lratr-ijqr  iifenti  boili  of 

8CMm*""a  flfewft  "M^fP^  vp^^'lw 

-A  ilnit  jiliwid  «pipgt  v« 
iaoifaied  end  po0i  ol  a  bridiB  00 
mg  tlbe  nad  end  post,  the  riKMic  til 
and  not  be  taken  «qp  in  beodtag  bgr 
Contar  Stat— A  web  member  edhlMlif 


licliMed  8tnrt>— -A  €oropgeiaop  mttriw 
Intermediite  SIraLr-An  overhead  elnil  ln^ 
opposite  tnineB  and  lying  between  the  tip|iii! 
bridges,  if  used  at  all,  it  wouM  be  belween 
Laeed  fiNrat— A  strut  that  has  lacing  ol  mtiiSk 

face  or  faces. 
Lateral  fiMrat— A  strut  in  the  ktenl  syatemd' 
Oferiiead  Stmt. — ^A  strut  in  the  overiiead 
Pedestal  Stmt— A  strut  connecting  andlffiaoi% 
Pertal  Stmt. — ^A  stmt  in  the  portal  bracing  ol  a^ 
Radial  Stmt. — One  of  a  series  of  struts  radiatiBg 
of  a  wheel,  or  the  radial  braces  of  a  tumtal^ 
Secondary  Stmt. — ^A  secondary  member  taking  1^ 
Star  Stmt.— A  strut  formed  of  either  two  or  four 
two-angle  form  is  not  a  satisfactory  type,  as  it 
strength  as  might  properly  be  antid 
Stiffening  Stmt. — ^A  strut  used  to  overcome  a 
mediate  point  of  a  poet  or  column  and  thus 
Snb-stmt. — ^A  sub-diagonal  carrying  comprwwinWi 
Sway  Stmt. — ^A  strut  used  in  sway  bracing. 
Timber  Stmt. — ^A  strut  made  of  timber. 
Vertical  Stmt. — ^A  vertical  compression  member. 
Stub  Abatment.--Same  as  "Straight  Abutment."    8ei 
Stub  Switch.>^ee  "Switch."  , 
Stud. — ^A  short  projecting  pin.  ~  An  upright  meniber 

attached. 
Stud  Bolt.>^ee  "Bolt." 
Studding.— Same  as  "Stud,"  q,v. 
Stnd-Unk  Chain.— See  "  Chain."  ii 
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itiilBiig  Box.— See  "Box." 

Jtump  Joint— -See  "Joint." 

$iib-€ontra€t — Sec  "Contract." 

$ab-contractor. — See  "Contractor," 

Sub-diagonal. — ^A  secondary  member  connecting  the  mid-point  of  a  main  diagonal 
with  an  adjacent  panel  point. 

3iilK-di¥ided  Panel.— See  "  Panel.'' 

3iib-di¥ided  Pratt  Truss.— See  "Truss." 

tab-divided  Warren  Truss.— See  "Truss." 

Sub-foreman. — See  "Foreman." 

Sub-grade.— See  "Grade." 

Sub-letting.— See  "Letting." 

Submerged  Pier.— See  "Pier." 

Sub-post— See  "Poet." 

Sub-punch.— See  "Punch." 

Sub-siU.— See  "SiU." 

Sub-soU. — ^The  stratum  of  earth  lying  immediately  imder  the  surface  soil. 

Substructure. — ^The  piers,  pedestals,  and  abutments  of  a  bridge  or  trestle. 

Sub-strut— See  "Strut." 

Sub-tie.-See  "Tie." 

Sub-yertical.-:-3ee  "Vertical." 

Suction. — A  drawing  up  of  a  liquid  by  the  production  of  a  partial  vacuum  in  a  spaco 
connected  with  the  said  fluid. 

Suction  Hose.— See  "Hose." 

Suction  Pipe.— See  "Pipe." 

Suction  Pump.— See  "Pump." 

Sudden  Stress.— See  "Stress." 

Sulphur. — ^An  elementary  substance  which  occiu*s  in  nature,  characterized  by  a  yellow 
color,  a  brittle,  crystalline  structiu*e,  a  resinous  lustre,  and  strong  acrid  fumes  given 
off  during  combustion.  Used  sometimes  in  bridgework  for  filling  around  bolts  in 
masonry. 

Sump,  or  Sump-hole. — ^A  depression  or  hole  in  a  pier  foundation,  used  to  collect  drain- 
age water  so  that  it  may  be  pumped  out;  also  a  hole  under  a  building  or  in  a  tunnel 
for  the  same  purpose. 

Super-elevation.— See  "Elevation." 

Superintendent — ^The  person  having  complete  control  of  a  piece  of  work. 

Day  Superintendent — ^The  person  in  complete  control  of  work  during  the  day. 
Night  Superintendent — ^The  person  in  complete  control  of  work  during  the  night. 

Superstructure. — ^That  portion  of  a  bridge  or  trestle  lying  above  the  piers,  pedestals, 
and  abutments. 

Supplement — ^An  addition  to  an3rthing  to  make  it  complete.  To  add  anything  for 
that  purpose. 

Supplementary. — ^Being  in  the  nature  of  a  supplement. 

Supply  Shaft.— See  "Shaft." 

Supporting  Machinery. — See  "Machinery." 

SurlMse. — ^A  border  or  moulding  above  a  base. 

Surcharge.— To  overcharge.     The  earth  that  lies  both  above  and  behind  a  retaining 

wall. 
Surface. — ^The  condition  of  a  track  as  to  vertical  evenness  and  smoothness. 
Sartmce  Condenser.— See  "Condenser." 

Survey. — To  determine  the  boundaries,  extent,  position,  elevation,  etc.,  of  a  portion  of 
the  earth's  surface  by  means  of  lineal  and  angular  measurements.    The  result  of 
such  a  process  is  also  termed  a  survey,  as  is  also  the  process  itself. 
Surveying. — ^The  art  of  making  surveys. 
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<ghMg».    flamy  as  ''Sw»n^  «4F. 

"Bolt.'* 

flwdlad  GobuuL-- A  oohmm  tluiiitl«f|«M 
Swii«  Bridit.— See  '<  Bridge .» 
Swliiilthif  €yinew*-'«-fifte ''Griae/'<  .      >\ii:i^''>o 
SwiH^taf^ ScsflbU*:— 49ee  **So9SomJf  -i^^^ul'Yn  a 
Swfaf  flgiB,    flee  ''fl|M«L''    .        ;  i  f?  ^  .rfrii)! 
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Swife. — ^To  strike  or  drive  with  great  f ofee. 
S«llcii.r— A  device  for  changtitg  otwbStiki^mi 
diverted.    An  a|iparatiia  for  tomini  opFi 
Aatomatie  Switch.— A  switch  that  is  woriced 
used  principally  by  street  raihrays;  also  itii 
Derailing  Switch.— A  switch  opemted  hf};] 

which  will  derail  a  train  of  earn.  t  r.  m  arjiri 

Bopladng  Switch.— A  device  need  lor 

cars.  .  :.:.i:'J  k'li^ 

Split  Switch,  or  Point  Switch.— A  switch  havhif  n^ 
against  the  other  rail,  thus  giving  ai  aciatfuDtfJi 
Stub  Switch. — A  switch  with  the  ends  of  the  xafls 
cut  off  square,  the  switch  rails  being  §Knt$<ii 
rails  that  lead  toward  the  switch  moving  with  a 
are  used  only  at  yards.  .,^^1-^ 

Switch-back. — A  method  or  system  of  trade 

steep  slope  by  zigzagging  back  and  forth  0!Ver  lai 
with  each  other  by  switches. 
Switch  Bar.— See  ''Bar."  ,,  i,,^^ 

Switching  Locomotive. — See  "Locomotive."  ^mhI 

Switch-signal. — ^A  signal  to  apprise  the  train  cnffi 
In  the  daytime  a  swinging  arm  is  used  and  tal. 
Switch-stand. — ^The  stand  on  one  side  of  a  tn^ 
is  worked-  vyna^ 
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Sipv^iyel. — ^A  device  consisting  of  a  Unshaped  bar  attached  to  a  plate  having  a  hole  in  its 
centre  through  which  passes  the  headed  shank  of  a  hook,  thus  permitting  of  an 
axial  rotation  of  either  part. 

Swivel  Bridge.--Same  as  "Swing  Bridge.''    See  <' Bridge." 
inrivel  Hanger. — ^A  hanger  for  shafting  with  pivoted  boxes  to  permit  a  oertain  amount 
of  play  and  adjustment  in  the  motion  of  the  shaft. 

S^wivel  Head. — ^Tho  upset  end  of  the  swivel  hook,  enlarged  to  prevent  it  &om  slipping 

» 

through  the  eye  in  the  U-shaped  half  of  the  swivel. 
S^vel  Hook. — ^The  half  of  the  swivel  that  works  through  the  washer  or  small  circular 

plate  fastened  to  the  U-portion  of  the  device  and  to  which  the  rope  or  chain  is 

attached. 
Swivel  Joint.— See  ''Joint." 
Swivel  Wrench.— See  "Wrench." 
Sword. — ^A  hand  tool  in  the  shape  of  a  small  sword,  used  for  filling  with  mortar  the 

joints  in  masonry. 
Syenite. — ^A  rock  composed  of  feldspar  and  hornblende  with  very  little  or  no  quartz. 
Sylvester-wash. — The  alternate  applications  of  a  solution  of  soap  and  one  of  alum 

to  the  dry  surface  of  concrete  construction  so  as  to  render  the  same  impervious 

to  water. 
Symmetry. — ^A  condition  of  equality  or  balance  of  shape,  size,  and  position  between 

similar  parts  of  a  figure  or  body  about  a  central  axis.  • 
Axis  of  Symmetry. — A  line  about  which  the  parts  of  a  figure  or  body  are  symmetrically 

disposed. 
Centre  of  Symmetry. — ^The  intersection  of  the  axes  of  symmetry.    . 
Plane  of  Sjrmmetry. — ^A  plane  about  which  the  parts  of  a  figure  or  a  body  are  sym- 
metrically disposed. 
Sypher  Joint.— See  "Joint." 


Table  of  Data. — ^A  list  of  the  known  circumstances  that  affect  the  designing  of  a 

structure. 
T- Abutment — See  "Abutment." 

Tackle. — ^A  combination  of  ropes  and  pulley-blocks  used  in  hoisting  or  lowering  where 
a  multiplication  of  force'is  desired.    Same  as  "Block  and  Falls.'' 
Boom  Tackle. — ^The  tackle  used  for  manipulating  the  boom  of  a  derrick. 
DilTerential  Tackle.— See  "Differential  Block." 

Efficiency  of  Tackle. — ^The  ratio  of  the  actual  load  lifted  to  the  theoretical  load  (t.  e., 
the  pull  on  the  fall  line  multiplied  by  the  number  of  parts  of  the  rope  sustaining 
the  load.) 
Fleeting  Tackle. — A  horizontal  subsidiary  tackle  used  in  connection  with  the  main 

hoisting  tackle  to  fleet  members  into  place. 
Gin  Tackle. — A  system  of  pulleys  consisting  of  a  double  and  a  triple  block,  the  standing 

end  of  the  fall  line  being  made  fast  to  the  double  block,  which  is  movable. 
Luff  Tackle. — ^The   tackle  used   to  hold   the  boom  of   a  derrick  from  swinging 
sideways. 
Tackle  Block.— See  "Block." 
Tackle  Hook.— See  "Hook." 
Tag  Une.— See  "Line." 
Tail  Block.— See  "Block." 

Tailings. — ^Refuse  material  from  the  mines.  Also  called  chats.   Used  for  making  concrewe. 
Tail  Wall— See  "WaU." 
Take-up. — ^A  device  for  taking  up  lost  motion. 

Tains. — ^The  mass  of  fragmentary  rock  or  soil  which  accumulates  at  the  foot  of  a  hill, 
slope,  or  cliff  as  disintegration  proceeds  above. 


,^lte^  '-^'m^ 


fr^<aK^.■xT^•^f3^r.: 


Cliiia  Tfcitj   A  thfa  Mied  riMiMi 

' '  liMlfe'  nii*.r-A  tape  mdb  df' 
give  itTCDiftk  and  to  ntaot  lliii 

Ittilj^iiu 
IBImI  TinftK    A  t^M  nMMle  ol 

l^^pcr.— To  dwnniMh  in  aeetion  leptaji: 

xapop  Wo«i''*H9o6    jrile* 

TtKfm  flhmlr  DrfflL — See  "Ddn.** 

Tw  WreadL— See '' WraifllL'' 

1^.-— A  tlildc,  daik,  Tieooiis  Ikiiikldbtii^ 

nch  as  wood,  ooal,  peat,  ete. 
Taiget.—- A  etiding  didc  on  a  IbvA  rod,  mad  fSof 

as  detennined  by  an  engineer's  kveL 
Tarpadin.— A  heavy  canvaa  sheet  need  to~eofVii 

Itoed  Paper.— See  "Paper." 

TbaaeL— Same  as  "Coibd,"  9-v. 

Taat.— Tight;  teose;  notslaok.  i^^ 

T.  or  Tee  Beam.— See  "Beam." 

T-Beam  Glrder.---See  "Girder." 

Teat— Same  as  "Tit,"  q.v.  . ,    r^ 

Teal  DrilL— See  "  DriU." 

T-Iron.— Same  as  "Tee,"  q.v. 

Telemeter  Rod. — Same  as  "Stadia  Rod,"  q.9. 

Telescope. — ^That  part  of  an  engmeer's  transit  or 

nifying  objects.  ,  ^{^ 

TeUtale. — ^Ao  indicator.    A  row  of  straps  or  ropsa. 

track  so  as  to  strike  any  one  standing  on  a 

is  about  to  pass  imder  or  through  a  bridge  or  si 
Temper. — ^To  bring  a  metal,  such  as  steel,  to  a  proper 

dition  of  steel  relative  to  the  degree  of  hardness* 
Temperature. — ^The  intensity  of  the  sensible  heat  ol  a 
Temperature  Stress. — See  "Stress. 
Tempered  Steel.— See  "Steel." 

Tempering. — ^The  act  of  producing  a  temper  in  steel  Oi- 
OU  Tempering. — A  process  of  plunging  red-hot  steel 

frequently  used  for  oil  hardening  because  the 

of  quenching  in  water  and  then  drawing  the 

of  a  moderate  heat. 
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Tempering. 

Water  Tempering • — ^A  process  of  heating  hardened  steel  to  draw  the  temper  (lower 

the  degree  of  hardness)  and  quenching  in  water  when  the  desired  condition  (as 

indicated  by  the  color)  is  attained. 
Tempering  of  Mortar.— See  ''Mortar." 
Temper  of  Steel.— See  ''Steel'' 
Templet,  or  Template. — ^A  full-sized  pattern,  generally  made  of  wood  and  used  to  lay 

off  work  in  bridge  shops. 
Templet  Punch.— See  "  Punch." 

Tenacity. — ^That  property  of  a  body  by  which  it  resists  being  pulled  apatt. 
Tender. — ^The  attendant  at  a  bridge  or  on  a  part  of  construction  work.    A  bid  on  a 

piece  of  construction  woik.    An  offer  to  do  work  for  a  consideration.    A  car 

attached  to  a  locomotive  for  carrying  a  supply  of  fuel. 
Inside  Lock  Tender. — ^The  man  inside  the  air-lock  who  manipulates  the  pressure 

valve  and  the  opening  of  the  lock  doors. 
Lock  Tender. — ^The  man  who  operates  the  air-lock  in  pneumatic  sinking  of  bridge 

piers. 
Outside  Lock  Tender. — ^The  man  outside  of  the  air-lock  who  assists  in  operating  it. 
Tenon. — A  projection,  properly  of  rectangular  cross-section,  at  the  end  of  a  piece  of 

timber,  to  be  inserted  into  a  socket  or  mortise  in  another  timber,  so  as  to  make  a 

joint. 
Tensile. — ^Pertaining  to  tension.    The  character  of  the  force  which  tends  to  separate, 

in  the  most  direct  manner  possible,  the  adjoining  parts  of  a  body. 
Tensile  Resistance. — See  "Resistance." 
TensUe  Strain.— See  "Strain." 
Tensile  Strength. — Same  as  "Tensile  Resistance,"  q.v. 
Tensile  Stress.— See  "Stress." 
Tension. — ^The  state  or  condition  of  being  stretched. 

Direct  Tension. — ^Tension  applied  parallel  to  the  axis  of  the  member  and  uniformly 

over  its  cross-section. 
Initial  Tension. — ^Tension  applied  to  a  member  before  it  is  subjected  to  the  principal 

load. 
Tension  Bar.— See  "Bar." 
Tension  Beam.— See  "Beam." 
Tension  Bolt.— See  "Bolt." 
Tension  Brace.— See  "Brace." 
Tension  Joint.— See  "Joint." 
Tension  Member. — See  "Member." 
Tension  Rod.— See  "  Rod." 
Ten-wheeled  Locomotive. — See  "Locomotive." 
Teredo  Navalis. — A  worm-shaped,  marine  mollusc  having  a  shell  with  two  small  valves 

at  its  head  with  which  it  bores  into  submerged  wood. 
Terra  Cotta. — ^A  hard  pottery  used  for  building  purposes. 

Test. — ^A  method  for  determining  the  properties  of  a  material.    The  act  of  testing. 
Bending  Test. — ^A  test  made  by  bending  bars  to  determine  their  comparative  brit- 

tleness.    A  test  made  on  beams  to  determine  their  moduli  of  rupture. 
Boiling  Test. — A  test  for  determining  the  constancy  of  the  volume  of  cement.     Pats 

of  cement  mortar  are  made,  protected  against  drying  for  twenty-four  hours,  then 

put  in  hot  water  or  steam  for  five  hours,  after  which  they  are  removed  and  ob- 
served for  signs  of  cracking  and  disintegration.    If  no  such  signs  appear,  the  cement 

has  proved  satisfactory  in  respect  to  soundness. 
Heat  Test.— Same  as  "Boiling  Test,"  q.v. 
Specimen  Test. — A  test  of  a  portion  of  the  material  to  be  used  in  the  construction 

of  a  structure. 
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LtillMwdid  TIraid.— A  flpinltag  l» 
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mdi  of  Tlraid.r-8ee  ''PitolL" 
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tiie  boh  or  screw  produow  a  forwiid  moiiaii 

EWTOW  nvMML'"*-iiie  turofla  on  s  80tiBW> 

Sfvare  ThnMid.— A  thread  having  a  iqiian  of 

Standard  Thread.-— A  thread  having  the*diapi  4l 
to  some  standard  such  as  the  American  BdUg^ 

y-Thread«— tA  thread  having  a  cross-section  Hki  W 
Thread  Catter.--See  "Cutter." 
Three-hinged  Arch.-^ee  "Aich." 
Through  Bolt— See  ''Bolt." 
Throngh  Bridge.--See  ''Bridge." 
Through  Cantilever.— -See  "Cantilever." 
Through  Girder.— See  "  Girder." 
Through  Span.— See  "Span." 
Through  Truss.— See  "Truss." 
Tlunst — ^To  piiflh.    The  amount  of  push. 

Horizontal  Tlunst. — ^A  thrust  in  a  horisontal 

Longitudinal  Thrust. — ^A  thrust  along  the  longitodMi 
Thrust  Angle.— See  "Angle." 
Thrust  Axle.— See  "Axle." 

Thrust  Bearing.— See  "Bearing."  '^ 

Thrust  Collar.— See  "Collar." 
Thrust  of  an  Arch.— See  "Arch."  ^  i^ 

Thumb  Nut.— See  "  Nut."  -  < 

Thumb  Screw.— See  "Screw."  ^r^/^.^ 

Tide  Gauge.— See  "Gauge."  '^^ 
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IRe.— A  tie  made  fmn  a  tree  ol  oiieh  rfae  that  noit  mors  ftattfoite^iie  iWjiJI 

torn  a  aeotiottr-^bewed  or  aawed  OB  two  parallel  faeea.'  ^  i  c  y/i         )'! 

Tte^^^A  tie  made  from  a  tree  ol  audh  aae  that  fag  tiea  mifytimbmnmki    > 

aaection.  :    tV    >.  •.  -.noil-T    ' 

lle^— A  tie  which  ahowa  more  than  the  prweiihed  amomH  of  ayiood  Hk-mMf^   ^ 

lDbi«*---A  tie  made  firam  a  alab.  i  >     <  >t  ^^  I- .^oT  . 

1lar-A  tie  sawed  oo  the  top  and  bottom  only.  ;  ;  l     Ji&rN'^oT. 

He.— A  tie  made  horn  a  tree  of  audi  aiae  that»  bjapfittiBgitwe^anhftliia 
be  made  finom  a  section.  •   /     .jl]iU<iT 

BMrt  Tle«-^A  tie  having  no  sapwood.  ><  ir.  uoc) 

tension  member  in  a  subdivided  pandi  of  a  tniaik  i     i    r  vlU 

Tie. — A  tie  which  has  been  subieoted  to  a  piesorvalive  pi'oediS|^fai<a|ni> 
with  creosote  under  heat  and  pressure.  '}<>'0  tl^^jtcT 

lie.— A  square  tie  showing  part  of  the  original  surfaoe  of  the  trap^liitaifidl 

"Bar."  /      mvT 
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as  "Batten  Plate."    See  "Hate." 
-A  row  or  series.    Bestrieted  to  vertical  direction.    A  vertieal  divhtoniiiipiiel 
in  a  trestle  tower.  -^  ivtiir^ 

"Rod."  n'>T 

-The  interval  between  ties.    Also  the  distance  from  centre  to  centirdllMt 


"BoH." 
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^An  eaitfienware  pipe  used  for  drainage. 

TOe. — ^A  reinforced  composition  cement  tile  used  in  roofing, 
roofing  tile  used  at  the  hips  or  ridges  of  rods. 
"Floor." 
lerge  with  a  tilt  hammer. 
"Hammer." 

as  "FYame  Bent/'  q,v. 
"Bolt." 
"Buggy." 
"Casing." 
"Couplmg." 
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V^ftr—The  foot  ol  ft  (dope.    Tte  front  pail  of 
1\m-mD^— To  foBtoD  ft  boftid  or  tindbw 

J  tlttoui^  "tiii  flod  or  ed^i  of  tho  finl 
1\MlAi«-~A  mechftnlcftl  devioe  oonnoliiag  ol  Iffo 
oammoii  ends  ftnd  pivoted  at  the  olhor 
ally  to  its  Hne  of  appUeation.  r,! 

l^g|lft«olt.-«ee  "Bdt." 
Tog^  IiOB.— See  "Iraa.'' 

ISottfe  Joint— See  "Joint.''  ^:  ^ 

Toggle  Rifotor.— See  "Riveter.'' 
Ton.—- A  unit  of  weigbt,  generally  equal  to  tpo 
Foot  Ton. — ^A  unit  of  work  equal  to  that  in?olv«4lBC 

through  the  space  of  one  foot,  or  in 
Ineh  Ton. — ^A  unit  oi  work  equal  to  that  involvod 
Long  Ton. — ^A  unit  of  wei^^t  equal  to  2,240 

and  steel  rails.    It  is  the  English  ton.    .  ^•^*^^'? 

Metric  Ton.— -A  Frendi  ton,  equivalent  to  2pM 
Short  Ton. — ^A  ton  of  two  thousand  pounds. 
Tone. — ^The  color  which  principally  modifies  ft  hue  or  ft 
Ton-foot — Same  aa  "Foot-ton,"  9.9.  '  ■  ^  r^^i 

Tonga. — ^A  tool  for  grasping  objects,  oonsiBting  of  iMOi 
ft  conmion  c^itre. 
Hammer  Tonga. — ^A  pair  of  tongs  which  is 
tools  or  hammer  heads  which  are  red  hot. 
Pipe  Tongs. — ^A  hand  tool  for  graq>ing  and  tunung 
bent  bars  forming  a  jaw  near  one  end,  where  It 
other  end  fashioned  into  handles.  \  ->> 

Rail  Tongs. — ^Tongs  with  hooked  ends  and  spreading 
Rivet  Tongs. — ^Tongs  used  by  riveters  for  throwing 
Tongue  and  Groove. — ^A  term  applied  to  lumber  in 
recess  for  receiving  the  projecting  tongue  of 
site  edge  has  a  projecting  tongue  to  fit  into  the 
Tongnod  and  Grooved  Joint— See  "Joint." 
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T<Nigiie  Joint.— See  ''Joint." 
Tongue  Plate.— See  *'  Plate." 

Tool. — ^Any  thing,  device,  or  i^^paratus  used  to  facilitate  mechanical  operations;  usuaUy 
restricted  to  small  implements. 
Balliiig  Tool. — ^A  hand  tool  used  for  collecting  into  a  mass  the  iron  in  a  puddling 

furnace. 
Calking  Tool. — ^A  tool  used  for  the  process  of  calking. 
Cutting  Tool. — ^A  tool  used  for  cutting  materials. 
Headkig  Tool. — ^A  tool  for  the  swaging  of  bolt  heads. 

Radios  Tool. — ^A  tool  used  by  cement  finishers  to  form  a  round  comer  on  exposed 
concrete  work. 
Tool  Box.— See  "Box." 

Tool  Chest — A  chest  or  covered  box  for  the  storing  or  shipping  of  tools. 
Tool  Dressing.— See  ''Dressing." 
Tooled  Ashlar.— See  "Ashlar." 
Tool  finish.— Same  as  "Tool  Dressing,"  q,v. 
Tool  House. — ^A  house  for  the  storage  and  safe-keeping  of  tools. 
Tooling. — ^The  act  of  operating  with  a  tool  upon  an  object. 
Tool  SteeL-^ee  "Steel." 

Tooth. — ^The  projection  or  cog  on  a  gear  wheel  which  meshes  with  a  like  projection  on 
another  similar  gear. 
Epicydoidal  Tooth. — ^A  form  of  gear  tooth  having  both  faces  and  flanks  curved  to 

conform  with  arcs  of  an  epicycloid. 
Face  of  Gear  Tooth. — ^The  part  of  the  rolling  surface  of  a  gear  tooth  outside  the 

pitch  circle. 
FUink  of  Gear  Tooth. — The  part  of  the  rolling  surface  of  a  gear  tooth  inside  the 

pitch  circle. 
Involute  Tooth. — ^A  form  of  gear  tooth  in  which  the  faces  conform  to  an  arc  of  an 

involute  and  the  flanks  to  radial  planes. 
Point  of  Gear  Tooth. — ^The  outer  end  of  a  tooth  on  a  gear  wheel. 
Rack  Tooth. — ^The  tooth  on  a  rack  which  meshes  with  a  gear. 
Root  of  Tooth. — The  base  of  the  tooth  where  it  joins  the  rim  of  the  wheel. 
Tooth  Axe.— See  "Axe." 

Tooth  Axed  Dressing. — A  form  of  stone  dressing.    See  "  Dressing." 
Toothed  Chisel.— See  "Chisel." 
Toothed  Dressing. — See  "Dressing." 
Toothed  Wheel.— See"  Wheel." 
Toothing. — ^A  general  term  for  a  system  of  teeth. 
Tooth  Pitch.— Same  as  "Circular  Pitch." 
Tooth  Pressure. — See  "Pressure." 
Top  Chord.— g^  "Chord." 
Top  Lateral  Bracing. — See  "Bracing." 
Topographical  Map.— See  "Mi^." 
Torque. — ^The  moment  of  a  force  or  a  system  of  forces  tending  to  produce  rotation. 

The  starting  capacity  of  a  rotative  machine. 
Torsion. — ^The  twist  or  deformation  of  a  body  set  up  by  a  torque. 

Angle  of  Torsion. — The  amount  of  twist  or  deformation  produced  by  a  torque. 
Coeffldent  of  Torsion. — The  angle  of  torsion  produced  in  a  wire  of  unit  dimension 

by  a  force  acting  with  unit  moment. 
Moment  of  Torsion. — The  sum  of  all  the  moments  of  the  internal  forces  in  a  body 
that  is  resisting  a  twisting  moment.     It  is  equal  to  the  sum  of  the  moments  of  all 
the  applied  forces  that  tend  to  produce  torsion 
Torsional  Strain.— See  "Strain." 
Torsional  Stress.— See  "Stress." 
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g|niBiiiff>  pt&M&i,  with  wIimIi  ot 
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biQr  l^idLr— A  tnudc  on  iHildi  # 


^^- 


^i^^' 


.■■t-.^: 


flfaii^  I^mIu— A  trade  wHh  a  liii^  ptimf 

QDd  only*  s'kfi 

Blt--See  "Boll."  i       ,      ,  v  K,  l*f| 

ThMk  Grafo.— See  "Gaiiie/'  t,  <Im,1// 

Thwk  J«ck.--See  " Jack."  '\-^\A:y'M 

Tnek  Joi8to.--See  "Joist." 

Thwk  Bf«a.— See  "MmiL"  :[.  ^ni^^ 

Track  Pfle-driyer.-^See  "Piknlriyer.'' 
Track  Ran.— See  "  Rwl."  *« 

Track  Segment.— See  "Segment." 
Track  Spacing. — ^The  arrangement  of  tiaisfcairitil 

between  track  centres  of  adjaoent  tracks.     .  ,1  ).ic\ : 
Track  Spike.— See  "Spike."  ^> 

Track  Stringer.— See  "Stringer." 
Track  Tie.— Same  as  "Cross  Tie,"    See  "Tie."     '  ^^1- 
Track  Walker. — ^A  man  who  makes  regular  iniB^iection 
Track  Wronch.— See  "Wrench." 
Traction. — The  force  required  to  draw  a  body.    Tbm 


wheel  on  a  rail. 


K'ti 


Traction  Bradng.— Same  as  "Train  Thrust  Bndng.^  u 
Traction  Load.— See  "Load."  .u: 

Traction  Stress.— See  "Stress."  ",«  ij 
Tractfon  Thmst.— Same  as  "Traction  Load,"  9$K         xiwki 
T-RaU.— See  "Rail."  Mtt 

Train  Thmst  Bracing.— See  "Bracing."  ,>j  fl^ 
Tram. — ^A  small  car  used  on  a  tramway. 
Tram  Crane.— Same  as  "Traveling  Crane." 
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olte  wtth  n  pm  or  pmeSk  f or  dmwiiig  ibe  oorni'^'  dd^ 

:tmiMqportiiic niateridb  to  the  w^      .     '^'  ^.•.viu..f.  Kfi,^;.iun'i.i  :.r>tvtij|^;:;^^ 


Cwre^— £lee  "Gurv©;^ 
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/>l^->^T  t>i>lQiit5'>';V-'5 


i.\»' 


Cbt««wj.--«ee  *'C«U3iu»y/'  -^     /  "    -^^ '^^f^^'"'-^^ 

•An  engiBeer's  kurtminent  for  nmniii^  Uneiy  iiiHiiffHi^g  ^'lB}tt|t^Mf 
_  cUfferaomi  in  elevatkuB,  etc.,  in  field  wotk.    li^Miiullircf  #r 
ted  on  a  horiiontal  aade  and  ci^Mible  of  a  oonqptel^ l^fvolMioii,''  ^"SMb' 
BiQ)pQrtiiig  the  aade  ate  iftlaiBhei  W  a  }aa^imdi)^llidl0  ^ 

lle'oirW  Iplaae;    Theae  iWo  Mtiiiioni  pernit  df  the  istedbiveitelW 
liMtfoijitalittiilflMaiidtiMa^p^^  t^ 

Cw?e---^8Miie  ae  "Eaaement  Curve."    See"Curi%>'  >li  I  urf*?) 

. — ^The  man  who  operates  the  trannt.  ^ 

Fpiat.—- A  point  over  which  the  tranatt  iaatfh. 

^acroea.    Croaswiae 
Beam.— See  "Beam." 

'^BrieinfE.'* 
C^Mpwiaeiit;    8c^ ''  Cott^MBwikt.^ 
€Hi4er.--^9ee  ''Giider." 
Um.— See  "Uiie." 
Laad.--See  ''Load." 

"Section.'' 


V,'      -^i.:'*!^    i! 


•:■  MJ>>'-^i^l«"M'iT 


■'•  j-'v  f  'n'.-iii 


?«Mal' 


"Strain." 
"StreflB." 
TertMl  Bradng ^— Same  aa  "Traflsvwie  Btadng,'*  qjf. 
-A  liard,  dark-cokHred,  volcanic  rock  uaed  for  concrete  roadway  ^V«iiMiiti|  and 
ballaat  fOT  raiboada.    Aiao  a  device  that  win  intercept  mst^a  In  fli^^ 

Tnpw— A  device  for  aeparating  aand  frem  water.  ^-^'^ 

»— A  gray,  yeUow,  or  whitiah  earth  made  up  in  large  part  of  commiinxtiBd 

;,  or  dher  volcanic  material.    Eeaemblea  |X)aauolaiia.    Uaed  for  making 

oament.,  *■"''*• '    [^[^^ 

r.—- A  fdnn  of  derrick  mounted  on  wheela,  uaed  in  the  erection  of  bridgeii  "*^*^[^, 

Traveler. — ^A  amall  movable  derrick  running  on  a  trade  on  the  uppi^  ^ItiM^ 

alaraaa.    It  usually  haa  two  booma.    A  mule  traveler.  ><i:il 

Traveler. — ^A  framework  of  two  or  three  benta  or  gaOowa  framea,  braced 

^vion^tudinallyand  carried  on  a  track  supported  on  falsework  and  placed  tmtilitt 

of  the  truases.    The  traveler  clears  the  span  at  all  points  and  can  be  rofled'lbim 

;|  and  forth  aa  needed.    It  carriea  a  number  of  blocka  and  taddea  which  are  operafsi 

1^  a  hniating  engine  placed  on  a  platform  near  the  baae.    It  ia  uaed  in  erectMf<t^ 

ftoMng  and  placing  the  members  of  a  truss. 

WTheaL    See  "Wheel." 

Chme.— See  "Crane.** 

€Hi4er.~See  "Girder." 

"line." 

bearing  aurface  of  a  whed  or  of  a  rail.    The  steps  of  a  stairway; 

"Tie." 

r^Tfmber  which  has  been  subjected  to  a  preservative  ptockik 
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^W*i«^' 


'k'-,>/^A.' !■.•:'.,. 
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VMiB^HiiliML — The  nroeeaB  of  iwwilw*  ftoiiiir 

of  triani^teB  ooDstnioted  on  %  mBMOMNl 

adtJAOont  ^wgi^if, 
TOiHrtiHwi  Hri».-^9ee  ''Hub.'' 
TOiHihiHwi  Point— The  pomt  a^tlie 

IB  set  m  order  to  meaoure  the  oai^ 
Trhftigiihitioii  Sheet— The  drawing  upon  wUeli  i| 

a  bridge  with  the  dimehaioiMi  theioof . 
Triealde-aiileate.— The  chief  conatituent  of 

ment  ocxnpoaed  of  caknum,  osygen^  a^djfliQp^ 

aCaO^Ot. 
THgonoraetrlc  Fonclion.— -See  ''Function*'! 
T^p. — ^A  device  for  tripping  or  rdeaaing  a 
1^  Hammer. — See  "Hammer." 
IMple  Block.— See  ''Block." 
Triple  Cancellation.— See  "Cancellation." 
Triple  Interaecfion.— Same  aa  "Triple  CanoeUalionJ' 
Trip  Line.— See  "Line." 
Tripod. — ^An  arrangement  6f  three  legs  pivoted  to  % 

instrument  such  as  a  transit  or  a  level. 
Trolley. — ^A  small  flanged  wheel  arranged  to  run  iqion  H 
Thin^  FkMr.— See  "Floor." 
Tmngh  Plate.>^ee  "Plate." 
Thiogh  Plate  Floor.— See  "Floor." 
Trowel. — ^A  mason's  tool  consisting  of  a  handle  and  a 

handling  mortar.  ^ 

Hand  Float  Trowel. — A  form  of  trowel  having  squax<o4) 

them.  ., 

Troweled  Finish.— See  "Finish." 

Troy  Rod.— See  "Rod."  .y. 

Track. — ^A  small  vehicle  consisting  of  a  frame  mounted  oa 

of  four  or  more  wheels  in  a  frame  supporting  one 
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\J^-"^ 


^iS'i;'-^I.S^    ^ir 
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wfMfjfcAtty  tfyy  3MMR' 


rlMieb^  lilffraijr  irii^  moimted  on  two  or  morct^iMitfa  cl  idiBq%i»f.i 
ft^Mor  or  loeooioliTB  engme  by  oieMis  ol  a  Totioftl  king  jm  ibQiit^ii#^iyij 
mioUaSiMm'^hb xoundiiig  of  eurves  in  the  tradk.  ^< 

ItackiT^AL  Iraaift  mounted  on  four  wfaeeb  ithipfa  tun  on  m^  ^  l^ipl^ 
timber.    Any  small  wheeled  apparatus  for  movitag  tuntw*.- 
Jack.— See  "Jack."  ~ 

"Dieeount." 
p.— Same  as  "Indieated  Honcpower."    See  **Ba»dffiiW9t*** 
"StrcflB."  .1     .,,., 

Bow  String  Trie.    Soe  "TrusB." 

-Same  as  "  Lantern  Wheel,"  9.9.  > .  ^  t 

. — A  form  of  short  axle  attached  to  the  aide  of  a  body.  ^^i^  ; . 

BaflcnlaBridge.--See  "Bascule/'  .0 

i.  framed  or  jointed  structure  designed  to  act  as  a  beam  iHiile  ene|i  ef  tts 
ii^y  subjected  to  longitudinal  stress  only.  /^  v^  ^ 

. — ^A  four-panel  truss  having  extended  batter  ports  intemeoting  ovf^r  Ihe 
'ioentke  resembling  sranewhat  the  letter  A.    See  Fig.  22dd,  ,  ^  -it 

Trvsa. — ^A  truss  having  an  arched  upper  chord  in  comprcsskm  and  a  sIPMii^ 
bottom  chord  or  tie  rod  with  vertical  hangers.  ■-.■,^( 

Trvsa.— -A  truss  composed  of  parallel  chorda  and  subdivided  ppKlp» 
See  ngs.  22e  and  22d. 

Trvaa. — ^A  trussed  beam,  each  panel-load  being  cairied  directly-  ta  the.  aids 
,0,  the  upper  chord  by  two  inchned  trasion  members,  there  being  no  atress  jnihe 
lower  diord.    Rnopcily  qiealdng,  it  is  not  a  truss,  but  a  multiple  suspenakm  lyalf  m. 
8aeFig.22o. 

Trvaa. — ^A  truss  in  which  the  lower  chord  is  horiaontal  and  the^iqaper 
diotd  joints  lie  in  the  arc  of  a  parabola,  or  similar  curve.    See  Fig.  22c. 

Trvaa.— Any  truss  used  in  a  bridge  span.  ^  ; 

Thua. — ^A  timber  truss  with  counter^truts  inserted  throuejboi^  Ifta  «itire 
llaogth  giving  very  great  rigidity. 

TmaSi^ — ^A  truss  having  a  broken  outline  for  the  tqyper  ch^d  taking 
Ihe  humped  shape  of  a  camel'a  back.    See  Figs.  22ee  and  2^. 

Arch  Trvaa. — ^A  cantilever  truss  having  the  shape  of  a  portion  of  an  afdi. 
rer  Trvaa. — ^A  truss  overhanging  its  support  at  one  end  and  anchored. dewn 
atlheother. 

Trvaa. — A  truss  which  extends  over  three  or  more  suppmrts.  » 
Trvaa.— A  truss  with  both  chords  curved  upward,  or  both  downward,  and 
making  sharp  inteneetions  with  each  other  at  the  ends,  producing  in  outlii^  th0 
.appearance  of  a  crescent,  the  wdb  qrstem  being  of  the  triangular  type. 
ram.— A  looee  expression  for  the  truss  of  a  deck  span. 
Bowstring  Trvaa. — ^A  truss  in  which  the  joints  of  each  chord  lie  in  cpirvea 
«oiiteve  to  each  other.    See  Fig.  22r. 

Interaectkm  Truss. — ^A  truss  having  two  inteisecting  diagonals  for  each 
paaeL    See  Fig.  22i. 
i>swhie  Mangnlar  Trvaa.— Same  aa  ''Double  Intersection  Truss,"  q,v. 
Trvaa. — Properly,  a  trussed  beam.    See  Fig.  22n. 

Trvaa. — A  loose  expression  for  the  truss  of  a  half-through  span. 
Trvaa. — ^Properly  a  trussed  beam.    Same  as  an  inverted.  "Queen  Post 
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q,9. 
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. — ^A  truss  placed  in  a  horizontal  plane. 
flMS^ — ^A  form  of  truss  in  which  the  vertical  members  of  the  web  take  tenskm 
;lpl,lhpdii|gonal  members  compression.    See  Fig.  22p. 

Trvaa. — The  centre  truss  of  a  three-truss  span. 
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modWri  fofBii  of  liift 


IBid^mif^t^utdTaff, 
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VittI  ftMHk— A  tjyp^  of  inni  kaivhigi 

Pirtiwurj  TroHkr—A  main  trun  idiieii 
CtiidwifrtM'  Twmm    Pbmft  aa  '^Bnili 
Qneen  Poat  Traaa.— A  type  of  truaiied  he$lB^ 
RlraM  Traaa.— Any  truai  halving  iti  niiil 
Roof  Trwa.-— Any  tmas  uaed in mtpparfmgm 
SjBhwadler  ^ThMa^—A  nwdifkwtinn  d  tha 
Secondary  Traaa.— A  tniaa  Bupporiad  by 
Single  Interaeetfon  Twmm. — ^A  tmas  with  one  web 
Stiffening  Traaa. — ^A  truas  uaed  in  oonneefeioii 


the  load  over  the  length  thereof. 
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SnbdiTlded  Wanen  Traaa.— A  Warren  tnaa  nH^^ 

Bubverticak.    It  bears  the  same  relation  to 

Pratt  truss. 
Tiiroagh  Trnsa. — A  loose  expression  for  a  truas  of  ia. 
Town  TniBS. — ^A  form  of  lattice  truss  having  doiMl; 

ifystems  in  different  planes.     See  Fig.  |/.  >.»4 

Triangular  Lattice  Truas.— See  Fig.  22L 
Triangular  Trusa. — ^A  truss  having  inclined  web 
Truncated  Bow-string  Trusa. — ^A  bowHstring  truas  irt^t 
Warren  Truas. — ^A  form  of  triangular  truss  oompoaai§i 

Fig.  22ib. 
Whipple  Truss. — ^A  double  intersection  Pratt  trusa. 
Wind  Truss. — ^A  truss  to  carry  a  wind  load.  ^i 

Windward  Truss. — The  truss  next  to  the  wind.  --"X 

Truss  Blo€k.--See  "  Block." 
Truss  Bridge.— See  '*  Bridge." 


GLOSSARY  OF  TERBAS  2103 

DeformatloiL — See  ''Deformation." 
Depth.— See  "Depth/' 

Arch. — Same  as  "Braced  Arch/'  q,v. 
rnssed  Beanu— See  "  Beam." 

Eye-bars.— See  "Eye-bar." 
Girder.— See  "Girder." 
Element— See  "Element." 
Girder.— See  "Girder." 
"Fmssing. — A  system  of  rods  attached  to  the  ends  of  a  beam,  girder,  or  column  and 

held  therefrom  by  short  struts  between  the  member  and  the  rods. 
'Tniss  Joint— See  "  Joint," 
"XViUM  Member. — Same  as  "Truss  Element,"  q.v, 
.-XViuss  Pin.— See  "Pin." 
Trass  Rod.— See  "  Rod." 

Tmss  Shop. — A  shop  where  bridge  trusses  are  manufactured. 
Truss  Spacing. — ^The  perpendicular  distance  between  the  central  planes  of  trusses  of  a 

bridge. 
Truss  Span.— See  "Span." 
T-Square.— See  "Square." 
Tube. — ^A  pipe  of  small  size.    A  hollow  cylinder. 

Guide  Tube. — ^A  contrivance  by  which  a  boring  bit  or  drill  is  guided,  commonly  a 
fixed  tube  to  prevent  swinging. 
Tai>e-miU. — ^A  shop  where  tubes  are  drawn. 
Tubnlar  Arch  Bridge.— See  "Bridge." 
Tubnlar  Bridge.— See  "Bridge." 
Tubnlar  Girder.— See  "Girder." 
Tuck  Joint— See  "Joint." 
Tog. — ^A  small,  powerful  boat  for  towing. 
Tumbler. — Same  as  "Rattler,"  q,v. 
Tungsten  Steel.— See  "Steel." 

Tonnel. — ^An  excavated  passageway  under  the  ground  or  the  water. 
Tup. — ^A  ram. 

Tnmbuckle. — A  device  for  tightening  or  drawing  together  two  parts  of  a  rod,  consisting 
of  a  sleeve  having  an  interior  right-hand  thread  at  one  end  and  an  interior  left- 
hand  thread  at  the  other.  This  sleeve  engages  the  threaded  ends  of  the  two 
pieces  of  rod  so  that  a  turning  thereof  in  one  direction  screws  up  on  the  rods  and 
in  the  reverse  direction  unscrews  on  them. 
Tamed  Bolt.— See  "  Bolt." 
Tamed  Shafting.— See  "Shafting." 

Turning  Bridge. — Same  as  "Swing  Bridge."    See  "Bridge." 
Turning  Point. — A  point  of  reference  on  some  firm  object,  used  in  levelling  for  resetting 

the  instrument. 
Turnout. — A  railroad  switch  or  siding. 
TumstUe. — ^A  revolving  gate. 

Turntable. — The  framework  under  the  swing  span  which  transmits  the  load  to  the 
bearings. 
Centre-bearing  Turntable. — A  turntable  having  a  centre  pivot  for  supporting  the  load 

during  operation. 
Double  Rim-bearing  Turntable. — ^A  turntable  comprising  two  concentric  circular 
girders  or  rims,  each  transferring  its  part  of  the  load  to  an  independent  set  of 
rollers. 
Rim-bearing  Turntable. — A  turntable  having  a  circular  girder,  or  rim,  to  transfer 
the  load  to  a  set  of  rollers. 
Turntable  Girder.— See  "Girder." 
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IhtelMiMd  Loud.— See  '<Load/' 

Uatekneed  Wheat    See  ''Wheel'' 

UaeewMd  RahMe.— Same  as  "Random  Bnbbfe'^ 

Uadehhafak — To  drain  by  f onnmg  ohanneli 

Undefntaie.— To  exeavate  beneath  a  ilniDliiii^b 

UndeiffaL— To  pin  or  eupport  an  eiiilhiK  mil  Ij^ 
it  and  building  in  |»«ii:after  whieh 
and  the  spaceB  then  are  filled  with  aolid  ivifll. 

IMeffpiBBiiic.— The  proceaaof  placing  vaAaipimik 
of  underpins.:  '  ''-^  ^^ 

Unequal  Coaning.-^-Same  as  ''Random  Gouning.^ 

Untfleted.— Without  fillets.    Sharp  eoneied. 

Uniform  Load.-«ee  "Load." 

Uniform  Load  Stress.— See  "Stress.'' 

Uniform  Resistance.— €ee  "Resistance." 

Uniform  Section.— See  "Section." 

Uniform  Strength.— Same  as  "Uniform  Resistanee,''  fpk^A 

Uniform  Stress.— See  "  Streas." 

Union. — A  form  of  coupling,  used  for  connecting  two 
Flange  Union. — ^A  type  of  pipe  connection  consisting  of 
bored  and  tapped  to  screw  on  the  ends  of  the  pqptt%^ 
Pipe  Union. — A  form  of  pipe  connection,  emplojred  for 
of  pipes.     Its  essential  features  are  two  end  pieess^ 
and  fit  into  each  other,  also  an  outer  ring  or  deev^ 
one  side,  which  bears  against  one  of  the  end  pieces 
on  the  other  end  piece,  thus  pulling  the  two  aids 

Union  Joint.— See  "Joint." 

Unit  Cost.— See"  Owt."  .  A 

Unit  Price. — The  price  per  unit  of  magnitude,  such  as  tho 
square  foot,  per  cubic  yard,  etc. 
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13m  wvifl^  per  unh  of  magnitiide^  as  ike  iMl^  per  ooMii^i^ j^^^ 
CMiii«r»-^A  grindiBg  marfmift  lumnit  >&  tniery  wkedi  neioiiiito4  w  *  tiwl/v^^^^ 
ft  vatntnl  joint  admittiDg  of  ft  swingiiig  moliQii  in  any  dn^eftios;    ^  Vv^r'^  ^ 
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''Joint/' 
"MilL" 

-To  wttfadraw  ft  rope  fiom  ft  set  of  blodoi*  .  <  s 

b — Not  fixed;  not  in  pennanent  equilibriunu  ..i'^>ifl 

Lenftl^-See  "Length."  uV -*;i.-> 

WidflL— The  width  of  ft  plate  betweoi  the  nearait  points  il^flitetftl 
kint.  •  .'.'^A-, 

"Nut.'*  .,,^  f  V 

as  "Upeet,"  9.9.  ,r/. 

•—The  tendency  of  a  stniotuie,  due  to  qMcial  loading  oonditions,  to  llie  bipBt 

supports.    Neg!ative.reaotkni.  v  >V//ib^ 

StMW.— See  "Stress."  .i,t  /    * 

OMrd.— Same  as  "Top  Chi»d."    See  "Chord." 
Back.— See  "Deck." 

Laterala.— Same  as  "Top  Lftterals."    See  "Lftterals." 
Mhwwwk.— See  "Falsewivk." 
Lateral  Bradng.— See  "Biacing." 

Lateral  Bod.— Any  rod  in  the  upper  lateral  oystem.    See  "Lateral  Bod**^    V 
Latefftla.— See  "Lateral." 

Lateral  Stmt. — ^Any  strut  in  the  upper  lateral  system. 

Thidc— In  rim-bearing  draw  spans,  the  plate  attached  to  the  bottom  vij3b» 
irim  and  bearing  on  the  rollers. 

'Rack  Sagmemt.— One  <rf  the  pieces  composing  the  upper  trac^.    . 
-To  thicken  a  piece  of  metal  by  heating  and  hammering  on  the  end. 
. — The  end  of  a  bar  or  rod  which  has  undergone  the  process  of  iqiaettiag. 
"Bod." 

"Beaction." 
-A  iou|^  block  to  be  made  into  small  forgingi. 
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Ptoeeaa. — An  abandoned  process  for  sinking  piers.  Its  essential  feature  was 
the  intermittent  loading  of  the  caisson  by  suddenly  withdrawing  the  air  fton 
the  working  chamber,  leaving  the  outside  atmosi^eric  pressure  unbalanced,  and 
thereby  giving  a  downward  impulse  to  the  caisson.  See  "Trautwine"  foir  detaflt. 
r. — A  re>«ntrant  angle  formed  by  the  intersection  of  two  parts  of  a  xoof . 
b — A  device  for  dosing  the  passageway  in  a  pipe,  duct,  or  conduit. 
▼alra. — ^A  valve  controlling  the  passage  of  air.  Also  a  valve  admitting  air  to 
ileain  bdler,  preventing  the  formation  of  a  partial  vacuum  when  the  sl«Mli 


▼alra. — ^A  check  valve  formed  by  a  ball  resting  upon  a  concave  (nroukur 


IFilfs^^^A  valve  controlled  by  a  float  ball.    A  valve  formed  by  a  ball  resting 
^^l^on  a  concave  circular  seat,  a  form  of  check  valve. 
▼alva. — A  four-way  valve. 
Tahray — ^A  valve  arranged  to  permit  a  flow  in  one  direction  only,  thereby  pefh 

the  letum  of  the  fluid. 
t|Miar-nA  vahre  hinged  at  one  end  so  as  to  permit  the  flow  ai  the  UQuii  Ifi 

riBpaatlMtt  ci4y. 
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flMe  ▼alf«.-^A  Tthne  having  m 

majydjy  the  idmiiwirin  9i6d  IImi 
Step  Talre.— aame  as  ^Qala  Tah«/^> fS' 
▼aMdhna  8lael.-8ee  '*SleeL»  '^^'^f^ 

▼an  D|to  Print— A  poiithra  print  takan  iM|# 
▼aniridng  P^iint—A  pomt  in  peiipecliva  dnwrifii 

the  ground  line  or  horiioQ. 
▼andalL— A  solution  of  certain  gums  orzarias la 

to  produce  a  hard,  transparent  eost  or  spfMSu 
TaUcla.-^An  oil  or  other  medium  used  by  pafntem  fiMr 
Any  apparatus  for  carrying  loads.  •  ^  ^ 

Non-Tolatile  TeUde.— The  liquid  portion  «f  a 
tiiinner  and  water.  '  ^ 

Velocitj.— The  rate  of  motion.  '  ■  ^ 

Angular  Veiodty. — ^The  rate  of  angular  motkm. 
lineal  Veiodty. — ^The  rate  of  lineal  motion. 
Vlrtaal  Veiodty.— See  ''Virtual." 
Vent  or  Vent-hole. — ^An  outlet  or  passage  for  fluids. 
Vermlcnlated. — ^Tortuous  or  sinuous  like  a  worm. 
Vermicnlated  Dressing.— See  "Dressing.'' 
Vernier. — ^A  small  movable  scale  running  parallel  to  a 
that  n  +  1  orn  —  1  parts  on  the  vernier  arev 
scale. 
Vernier  Calipers.— See  "Calipers." 
Vernier  Plate.— See  "Plate."  '  *» 

Vertex. — The  highest  point,  crown,  or  apex. 
Vertical. — ^Upright,  plumb,  perpendicular  to  the  h 
a  truss. 
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portieie  oeeupies  mooeadYe  patilkmifp^jmWiMmKpe 

"Rod/*  ,.*  .     /,  ,.•/    •  fi.;V/ -rhiipiim-' 

i; '  used  in  testtxig  tile  activity  of  oenient.  ,,/   '..■     ^    r  >-    •>|v^<-m{ 

ijiiepii.--7Sef) 'fHenvt*''   ...  .;ii/// vvAf^i^l^JC- 

^JimBitrnA^  teriii  jqi^^  tp  the  produel  iqCi^ tnim  by  M». ttrtuA yhiillfc 

II  fosee  ipwohred  iato  tbe  Jiiie  qf  ^  «^ 

r,  for  it  has  nothing  whatsoever  to  do  with  velocity.  ;.  V.  tils 

\3(^9(ffpSSiimo!d  Qt  tool  for  sr^pifig  and  haWog  9^  xhi^Q^t  O^^ 
ft  BCfew  with  a  handle  for  forcing  the  jaws  together.  :  tH'^^^i^ 

,f|ifpr^  yiee  with  an  anvil  oil  the  &09^  /ui,:i  ^uV/^ 

Yise. — ^A  viae  constriidted  so  tiiat  ^  may  be  attaehod  to  » benob* .  .t|,yi^v/ 
?Im.— A  amaU  viae  to  be  held  in  the  hand  while  giiiqiing  ^  obiact.  ^»>.  M  iinV 
'flmk — ^A  viae  with  jawa  notched  to  receive  *  pqpe.  ,^  j  iv^i  .1  llttV/ 

I,  or  VltrillcatioB.— The  act  of  vitrifying.  ^.v\'v\U^^. 

Biklu— See  "Brick."  ^ !  vn>fW 

-To  (spnvfert  into  i^aop  by  the  i^K^lication  of  heait,  :  ;.    >ni)W 

The  qwcea  between  Uie  particles  of  a  substance  or  of  *  mixture;  uaeddH  iOllrW 
^laeetkm  with  aand,  broken  atone,  or  gravel  for  concrete.  ,.  -  q  m'f/ 

l<e  of  Voida,— The  ratio  of  the  unfilled  cfpace  to  the  total  apace  in.au  aggl  aiDHtl|i<y 
'ioqineasQd  aa  a  percentage.  ..ji^.uff 

"Thinner."  .     ...  a]  ,    tV/ 

iileetrioal  inatiument  for  measuring  *  drop  in  voltage  or  the  diffiomiia// 
nUrttfOlial  between  two  pointa  in  a  circuit. 
-Tlie  apace  occupied  by  an  object. 

tAb  apparatus  for  measuring  the  vohmie  of  a  solid  bodjf  hQf  ^fiaM* 
thei  quantity  of  fluid  which  it  displaoea.  <  ,#.*  .<  i 

ModidDfi  of  Elaaticity.— See  "Elasticity."  .,{iU 

.  whirlpool  or  eddy  in  a  fluid.  . .'  ..^  > 

,  Jltque  or  block  in  the  aba^pe  of  a  truncated  wedge  which  fonwtpafl.^lS 

"Thread." 
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WA— The  w»n  ftt  the  hml  or 
Mmwy  WalL-^Any  waU  BiKte  of  iiiamiiy. 
Fwppil  WalL-^Saiiie  am  "Fanpti,^  tr<*> 

Pirfdto  WalL--A  w»n  of  piaiao  dir 
pfevmjt  seepage  of  wfttar. 

Rfltefadag  Wall.--A  wall  built  to  sastein  m 

Sbpa  WalL— A  thin  wall  of  oonorete  or  Of  fl|li 

bank  of  earth  to  protect  it  from  the  srMff#) 

SpaadM  WalL— A  fonn  of  retaining  waHbuBttet 
fining. 

TwXL  Wan.--The  waU  inaT-abatmentaetaliiiflfj 
the 


"•Vj^ev.--  -■< 


Wing  WaD.— One  of  the  side  walls  of  an  abntaiBifl 
wall  in  order  to  hold  back  the  slope  of  an 
WaD  Knot-«ee ''  Knot/' 
WaD  Knot  Crown.— See  ''Knot." 
Waflower. — Same  as  "Trundle,"  q.v. 
WaD  PhUe.— See  "Plate." 

Wane. — ^A  beveled  edge  of  a  board  or  plank  as  sawBtoiJI 
Wane  Tie.— See  "Tie." 

Warp.— A  twist.    To  twist.  <'? 

Warren  Girder.— See  "Girder." 
Warren  Truss.— See  "Truas." 

Wash  Borings.— See  "Borings."  •» 

Washer.— A  fiat  disc  or  plate,  having  a  central  hok^  IMMII 
nut  at  the  end  of  a  bolt,  in  order  to  distribute  tl^ 
soft  material. 
Beveled  Washer. — ^A  washer  haviEig  one  side  beveled 

between  the  bolt  and  the  timber  through  which  the 
Check  Washer. — ^A  washer  devised  to  prevent  a  nut 
Cup  Washer. — A  washer  having  a  cup  for  receiving  th# 
Friction  Washer. — ^A  thin  ring  of  metal  or  other 
adjoining  pieces,  one  or  both  of  which  rotatOi  in 
between  them. 


GLOSSARY  OF  TEAMS  2109 


Up  Washer. — ^A' washer  having  a  lip  or  projection  that  can  be  bent  over  after  the 

nut  is  screwed  on,  thereby  preventing  the  nut  from  working  loose. 
Lock-nut  Washer. — ^A  ring-shaped  washer  cut  on  one  side  and  having  the  ends  sprung 

laterally.    Used  for  preventing  a  nut  from  turning. 
O.  Gm  or  Ogee  Washer. — ^A  discnahaped  washer  having  its  edge  generated  by  an 

ogee  curve,  which  was  a  standard  ciu-ve  used  in  Greek  architectiu^. 
Packing  Washer. — A  washer  used  between  timbers  to  provide  an  open  space  between 
them  when  they  are  drawn  together  and  bolted.    The  object  in  using  them  is  to 
I>ermit  of  a  circulation  of  air  between  the  sticks. 
Plate  Washer. — ^Any  plate  used  as  a  washer. 

Stot  Washer. — ^A  check  washer  having  a  slot  cut  at  one  side  of  the  hole  so  that  when 
the  nut  is  tightened  a  nail  can  be  driven  through  the  slot,  thus  preventing  the 
nut  from  turning. 
Thickenfaig  Washer. — ^An  additional  washer  used  on  a  bolt  to  take  up  space. 
Wadi  Mill. — ^An  apparatus  for  washing  sand,  gravel,  rock,  etc! 
Washout. — ^The  destruction  or  displacement  of  a  bridge,  trestle,  or  embankment  due 

to  floods. 
Waste. — Cotton  used  for  wiping  grease  from  machinery.  .  Excess  material  from  an 

excavation.    To  fail  to  utilize,  in  an  embankment,  material  taken  from  a  cut. 
Water. — ^A  colorless  liquid  chemically  defined  as  H^.    The  run-off  from  a  drainage 
basin  as  carried  by  the  rivers  and  streams. 
Extreme  High  Water. — ^The  highest  known  water  elevation  of  a  stream  or  tide.' 
High  Water. — ^The  condition  of  a  stream  when  discharging  a  large  amount  of 

water. 
Low  Water. — ^The  condition  of  a  stream  when  discharging  a  small  amount  of  water. 
Standard  High  Water. — ^An  arbitrary  high-water  elevation  either  assumed  or  fixed 

by  the  War  Department  or  some  other  authority. 
Standard  Low  Water. — ^An  arbitrary  low-water  elevation  either  assumed  or  fixed 
by  the  War  Department  or  some  other  authority. 
Water  Cement — Same  as  "HydrauUc  Cement."    See  "Cement." 
Water  Column. — ^The  water  which  rises  in  a  vertical  tube  when  the  lower  end  is  im- 
mersed in  a  current. 
Water  Crack. — ^A  crack  in  steel  due  to  the  process  of  quenching  it  while  red  hot. 
Water  Crane.— See  "Crane." 
Water  Cylinder.— See  "Cylinder." 
Water  Gauge.— See  "Gauge." 
Water-hammer. — ^The  shock  resulting  from  the  sudden  stopping  of  the  flow  of  water 

in  a  pipe. 
Water  Hemp.— See  "Hemp." 
Water  Hose.— See  "Hose." 
WaterJet.— See"Jet." 
Water  Joint--See  "Joint." 
Water  Level.— See  "Level." 
Water  Une.— See  "Line." 

Water-mark. — A  mark  or  stain  left  on  a  bank,  tree,  or  other  object  by  a  stream  receding 
from  high  water. 
Extreme  High-water-mark. — A  mark  left  by  the  highest  known  flood. 
High-water-mark. — A  mark  left  by  any  high  water. 
Low-water-mark. — A  mark  left  by  any  low  water. 
Water  Meter.— See  "  Meter." 
Water  Power.— See  "Power." 
Water  Pressure. — See  "Pressure." 
Water-proof  Paint— See  "  Paint." 
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Web  StfilMMr.— See  "StifTeDer.'' 
Web  Strata— See  "StfeM.'' 


'it 


rts^ 


•i:.' 


S»«t^^  ^  V^ 


't^- 


•*:j 


Wedge.— Aeolklliayiiigtwoiiiflliiiedleeeib  ir    ^trm 
Guide  Wedgeu— A  wedg^^iaped  appenlaiiB 
LammcUmg  Wedgee.— Wedgos  used  la  emnw»fiin|j 
StrfldBg  Wedge.— One  of  the  wedgee  ineeiled 
f alaework  and  knocked  out  after  the  work  it 
Wedge-bearing  Draw.— See  "Draw/'  ^c 

Weep-hole.---A  hole  in  a  wall  for  dnimqg  iba  faaMij 

back. 
Weeping-pipe.— A  pipe  inserted  in  a  wall  or  In  aajr 

drawing  off  water  that  otherwise  would  aonumnlatei 
Weir. — ^A  dam  which  discharges  water  over  its  top  or 
Weld. — ^To  unit  two  pieces  of  metal  by  heating  tlie 
then  hanmiering  them  together.    The  part  of  tlie 
Butt  Weld,  or  Jump  Weld. — A  weld  in  which  the 

other  and  then  joined  by  welding. 
Lap  Weld,  or  Scarf  Weld.— A  weld  in  which  the  mM 
over  each  other  and  then  joined  by  welding. 
Welded  Head.— See  "  Head." 

Welded  Joint— See  "Joint."  .  t 

Welding. — ^The  act  or  process  of  making  a  weld. 
Welding  Hammer.— See  "Hammer." 
Weld  Iron.— See  "  Iron."  lir ' 

WeW  Steel.~See  "SteeL" 
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WeU. — A  vertical  opening  or  shaft  in  a  crib  or  caissoA  Cor  removing  matenab  or  for 

the  passage  of  workmen. 
Welt,— Same  as  "Butt  Joint,"  q.v. 
Wet  Blowout.    Same  as  "  Wet  Suction/'  q.v. 
Wet  I>ock.— See  "Dock." 
Wet  PnddUng.— See  "Puddling.** 
Wet  Rot.— See  "Rot." 

Wet  SuctioiL — ^A  process  of  dischiQ-gmg  material  from  the  working  chamber  of  a  caisson 
by  wetting  it  and  placing  it  at  the  mouth  of  a  discharge  pipe  through  which  it  is 
blown  by  the  pressure  of  the  air. 
Weyrauch's  Formiila. — ^A  formula  proposed  by  Weyrau'ch  to  detei^nine  the  allowable 
unit  stress  when  the  member  is  subjected  to  a  reversal  of  stress.  It  is  no  longer 
used  in  good  American  bridge  engineering  practice. 
Wharf. — ^A  structure  or  a  level  place  along  the  bank  of  a  waterway,  upon  which  vessels 

lying  alongside  can  discharge  their  cargoes. 
Whatman's  Paper.— See  "  Paper." 

WheeL — ^A  circular  framework  or  a  solid  disc  capable  of  revolving  about  its  centre. 
Beveled  Wheel. — ^A  wheel  having  a  sloping  face. 
Brake  Wheel. — ^A  heavy  wheel  furnished  with  cams  to  control  the  action  of  a  trip 

hanuner;  the  wheel  of  a  band-brake. 
Bull  Wheel. — A  large,  horizontal  wheel  connected  to  the  foot  of  a  derrick  mast  for 

the  purpose  of  turning  the  derrick  with  ropes  leading  to  the  hoisting  engine. 
Caster  WheeL — ^A  wheel  having  its  axle  held  in  a  stock  or  frame  that  turns  about 

an  axis  perpendicular  to  its  own. 
Chain  Wheel. — ^A  wheel  having  projections  or  indentations  on  its  face  for  the  purpose 

of  engaging  the  links  of  a  chain. 
Cog  Wheel. — Same  as  "Gear,"  q.v. 

Conical  Wheel. — ^A  wheel  having  a  face  conforming  to  the  surface  of  a  cone. 
Crown  Wheel. — ^A  wheel  with  teeth  set  perpendicular  to  the  plane  of  rotation. 
DrlTing  Wheel. — ^The  main  wheel  which  conuntmicates  motion  to  another  or 

others. 
Fly  Wheel. — ^A  heavy,  involving  wheel  for  equalizing  motion  in  machinery. 
Friction  Wheel. — ^A  form  of  slip-coupimg  applied  in  cases  where  the  variation  in  load 

is  very  sudden  and  great,  as  in  dredges. 
Gear  Wheel.— See  "Gear." 

Hand  Wheel. — A  small  wheel  fitted  to  the  hand  for  operating  valves,  etc. 
Idle  Wheel. — A  wheel  which  runs  loosely  on  its  shaft. 
Jockey  Wheel. — ^A  small  wheel  running  against  the  rim  of  a  grooved  wheel  to  keep 

a  rope,  wire,  or  cable  in  the  groove. 
Joggle  Wheel. — A  wheel  which  has  a  wabbling  motion. 

Lantern  Wheel. — ^A  gear  wheel  composed  of  two  parallel  discs  set  some  distance 
apart  on  an  axle  with  round  rods  parallel  to  the  axle,  set  at  equal  intervals  around 
the  periphery  of  the  discs.    These  rods  mesh  with  the  teeth  of  another  gear. 
Leading  Wheels. — The  wheels  in  a  locomotive  placed  in  front  of  the  drivers. 
Pitch  Wheel. — One  of  a  pair  of  toothed  wheels  working  together. 
Rag  Wheel.— A  "Sprocket  Wheel,"  q.v. 
Ratchet  Wheel. — ^A  toothed  wheel  forming  part  of  a  ratchet  mechanism.    See 

"Ratchet." 
Spoke  Wheel. — ^A  wheel  having  spokes  instead  of  a  solid  web. 
Spur  Wheel. — Same  as  "Gear,"  q.v. 

Toothed  Wheel. — ^A  wheel  having  teeth  projecting  from  its  face. 
Traveler  Wheel. — One  of  the  wheels  supporting  a  traveler  on  ite  track. 
Unbalanced  Wheel. — (Statically)  Any  wheel  in  which  the  centre  of  rotation  is  not 
coincident  with  the  centre  of  gravity.     (Dynamically)     Any  wheel  in  which  the 
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WIm^  litaai*— Sm  ^IVwL'' 

WMk--Aii  enljr  6m  ol  wtndlMi  lor  liiip^ 

IflViii  Til  Ml.    niMi  "IViHi.'* 

WMte  iMb-dee  ''IraL" 

WMte  LMd.— See  "Uftd/' 

WMte  liMe.— See  ''lime.'' 

WMte  MML— See '<MeUd/' 

WMte  Ptea.— See  "Piiie.'' 

Wkk  Pliddi«.— See  "Pkuskiiig." 

WM»  Grate-cat  Saw.— See  "Saw.^ 

WiM  StoeL— See  "fitod." 

Wmiot  Di«raiii.— A  graphioel  meliMd  far 

Btnicture.    See  Chafyter  XII. 
WfaidL— Same  as  "^l^ndlas/'  g.r.  . ..  j^, 

Haad  Wiacli.— A  winch  operated  by  hand  |W(Wi|»^  {j 
Wind  BradBf;— See"  Braoing."  v^ 

Windinf  Dram.— See  "Drum."  ^^^^ 

.Windlaea.— A  winding  machine  coneiBtiag  of  aH  w^,^ 

by  a  crank,  a  wheel,  or  radial  bam  at  theend»  M^ 

load  to  be  moved. 
Chineee  WfauUaaa,  w  Differential  Windhwii     A 

with  difiFerent  diameters,  so  that  the  rape 

from  the  smaller,  the  difiFerenoe  between  the  two 

of  a  heavy  load. 
Spanish  Windlass. — ^An  extemporised  purchase 

roller  and  inserting  a  lever  in  a  hitch  or  bi^it  o| 

the  lever  a  considerable  torsional  moment  is 
WindUss  Jaclt.— See  "Jack." 
Wind  Load.— See  "Load." 
Wind  Pressure.— See  '  *  Pressure." 
Wind  Shake. — A  crack  or  fissure  in  a  piece  of  timber 
Wind  Stress.— See  "Stress." 
Wind  Truss.— See  "Truss." 
Windward. — ^The  direction  from  which  the  wind 
Windward  Chord.— See  "Chord." 
Windward  Truss.— See  "Truss." 
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See  •'Bridge.'' 
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"Wan.'' 
r.   iitow  as  "Cam,"  q.v, 
Brtdfa.— Same  as  "SwpeiudoQ  Bridge. 
CUUe.— See  "CMt." 
CMIu— -Wire  net  liaying  a  amaU  meah. 
GMga.— See  ''Gauge." 
biML— See  "Iran." 
Jaint— See  "Joint." 
NalL-See  "NaiL" 
"Rope." 
'a  Lawa.—- A  eeriea  of  laws  baaed  on  Wfihler'a  eaq)eriment8.  on  the  lattgiie  id 
metaL    It  is  now  conceded  that  they  do  not  m  any  way  airily  to  liridge,dflii%^ 
ing,  becauae  they  deal  aoleliy  with  metal  atiened  bqrond  the  elaatio  Mmit  aad  tare 
not  anplicable  otherwise.  *  ^' 

hard,  fibrous  substance  iriiioh  compoaes  the  body  of  a  tree. 
Ckaaa  Ibred  Wood. — A  wood  in  which  the  fibres  run  obliquely  to  the  axia  of  the 
tree,  reversing  direction  in  different  layers  and  thereby  producmg  a  crosped  effect. 
Qaaa  grained  Wood^—Same  aa  "Cross-bred  Wood,"  q.v. 

Qvled  Wood. — ^A  wood  in  which  the  fibres  are  fine  and  run  in  f olda  cnr  lidgea,  fvo* 
ducing' a  curly  effect  in  some  places.  * 

Jhf  Batlai  Wood.— Wood  subject  to  dry  rot.    Scq  "Rot." 
Bard  Wood* — ^A  term  arbitrarily  applied  by  the  lumber  trade  to  woods  of  the  faroad^ 
^    leaved  trees. 

Mtai  Wood. — ^The  older  and  central  part  of  a  log,  usually  darker  than  tiie  aapwood. 
Laaee  Wood. — ^A  light,  yellow-colored  wood  used  in  surveying  rods. 
^>8apWood. — The  outer  and  lighter  colored  portion  of  a  timber  containing  sap. 
flail  Wood.— An  arbitrary  term  for  wood  from  conifenMia  treea. 
UBoring  Maddne. — See  "Boring  Machine." 
Screw.— See  "Scre^." 

• — The  overcoming  of  resistance  through  cfpace  aa  measured  by  the  prodiwt  Clf  ^ 
force  and  the  distance,  in  its  own  direction,  over  which  it  acts.  Also  used  as  a 
general  term  for  any  engineering  construction  or  the  optanJ^ODB  connected  witii 
audi  construction. 

Woik. — Surveying  and  kindred  operations  in  the  field. 

Work. — ^Masonry  work  done  according  to  the  Herrini^bone  ^yrtem. 
flee  "Herringbone." 

Worik. — Any  construction  using  iron  membem. 
Worik.— -Work  done  by  the  job. 
^^tiWla  Worik. — ^Masonry  construction  in  which  the  stones  are  intemotched  or  k^y«d. 
Worik. — ^Work  that  is  done  from  a  ladder. 
Wedc. — ^The  ornamental  woric  done  on  cast-iron  which  is  sometimes  used  on 
portal  bracing  in  bridges  for  appearance  only;  also  scroll' work  on  cast-iron  columns 
and  hmp  posts. 

[adine  Woric. — ^The  shaping,  fitting,  and  dressing  of  metal  such  as  drilling,  planing, 
taming,  milling,  and  grinding  done  by  machinery. 
Ifol  Worik. — A  general  term  for  extended  mattress  construction  used  in  river  pro- 
tection. 
Ileal  Worik. — ^The  work  or  part  of  construction  inside  of  the  "neat  line,"  9.9. 
iiiaMBWtai  Worik.— That  portion  of  a  structure  which  is  added  to  the  main  portion 
in  order  to  enhance  its  aesthetic  qualities. 

Wmkd — ^A  general  term  covering  pile  construction. 

Waribr-Rock  excavation.    Also  used  for  "Masonry,"  qjo.       - '    < 
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W«m  SMt-«ee  ''Shaft." 
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W«raiWoik 

WmiIi.    a  tool  for  tnniiiig  imliy  bolti^  iiidf%ip|: 
jawB  to  fit  the  aitt,  bolt,  or  pipe.  -     *     -  rtt^Af^- 
ADI^iief  Wienclu— A  wieiich  witli  Ifand 

surfaoe,  BOggefltiYe  of  the  open  moulk  wi'tm 
Cbw  WresclL— A  wrench  with  *  dam  mkL  ^  "^'^^j 
ComMnatiMi  WreMh.— A  wrench  having  }aws  to  Vk 
Diagonal  Wrench.— A  wrendi  in  whksh  tibe  ^ttit^ 

handle.  s^    i^fL^ 

Doable  Wrench.-— A  wrench  having  a  set  of  jaup 
Foiked  Wrench. — ^A  wrench  having  a  pahr  of  jaws  at 

end  tapers  to  a  point.  ^:^%r»!' 

.  Key  Wrench. — ^A  socket  wrench  having  a  ercMi 

sliding  jaw  held  in  place  by  a  key. 
Monkey  Wrench. — ^A  wrench  having  an  adjnsteUe J^lf 
Open-end  Wrench. — Same  as  "Forked  Wrench/'  f.Vi^^^^y^ 
Pipe  Wrench. — ^A  wrench  having  its  jaws  shaped  ant 
Ratchet  Wrench. — A  wrench  provided  with  a  handhi 
Socket  Wrench. — ^A  wrench  having  a  handle  and 

to  fit  the  nut. 
S- Wrench. — ^A  wrench  having  a  bent  handle  like  the  letfit 
Tap  Wrench. — ^A  cross-handled  wrench  used  for  tumklg 
Track  Wrench. — A  long-handled,  forked  wrench,  imd  fa|| 

nuts  on  rail  joints. 
Wheel  Wrench. — A  wrench  having  a  wheel-shaped 
Wrench  Hammer. — See  "Hammer." 
Wring  Fit. — ^A  fit  between  two  parts  which  are  so 

to  be  put  together  with  a  twisting  motion. 
Wrought  Iron.— See  **Iron." 
Wrought  Iron  Pipe.— See  "Pipe." 


-An  amngemeat  of  raHrcMd  tneks,  raenddbg  the  letter  Y,  wfaieli  k  vmA  lir  -f; 
inniiiig  tndoe  around.    Sometiniee  BpeSM  "Wye." 

'Ilie  eonlente  or  amount  (^  material  eipnMed  in  euto 
"Oohie." 
IMhL— Tliat  point,  or  inteiudty  6i  streai^  at  whioh  t|ie  rate  of  itretdb  bigliis  tuf 

"Level." 

"Riveter,"  ^ 

as  the  "Modulus  (^Elaatieity."    See  "Elastioity.' 


9» 


"Bar." 
bwL-^See  "Iitm." 

3ee  "CJohmm." 
Bivetii^.— Same  as  "Staggered  Riveting."    See  "Riveting." 
Whiles — An  oiide  of  sine,  in  the  form  of  a  white  powder,  which  is  used  as  a  him 
l0r  paint. 
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INDEX 


lifjtKt  figures  relsr  to  Volume  I,  bold-faoed  figures  to  Volumt  II 


••A'*  tni88  (WaddeU's).  477,  478 
Aberthaw  Construction  Company,  047 
Abrams,  Duff  A.,  795 
Abrasion  of  concrete,  1024 
Abutment  piera,  042 
Abutments,  1030 

arch,  qiiantitieB  in,  18S7-1S41 

bases,  pressures  on,  1030,  1031 

designing  of,  1031 

materials  for,  1031 

piles  for,  1042 

position  of,  1866 

proportioning  of,  for  artistic  effect,  1176 

quantities  for,  1800,  ISIS 

skew  bridges,  354 

types  of,  1030 

wing,  volumes  of,  1814-1817 
Accessibility  to  paint  brush,  277 
Accidents,  responsibility  for,  1766 
Accompanying  drawings,  1768 
Accretions,  1061 
Accuracy  of  calculations,  1877' 
Acid  open-hearth  steel,  46 
Adda  River  arch  at  Tresio,  Italy,  11 
Adherence    to    specifications     in    bidding, 

1869 
Adjustable  rods,  388 

Adjustment  of  shoes  on  masonry,  450,  460 
Adjustment  of  track  for  curvature,  138 
Administration  of  construction,  1688 
Administration  work,  1686 
Advantages  and  disadvantages, 

bascule  bridges,  701 

concrete  caissons,  1004,  1005 

concrete  piers,  1023 

pneumatic  process,  998 
Advice  to  contractor,  1470, 1471 
Aerial  ferries,  670.  671 
iBstheUcs,  16,  1160-1181 

foundation  of,  1160 

hindrances  to,  1170 

lasrout,  effect  on,  1816 

layouts  for  determination  of,  1178 

reinforced-concrete  bridges,  943 
Agents.  1668 

Ahwillgate  Indian  Bridge.  B.  C,  4,  5 
Air  gun,  760 


Air  locks,  999,  1005 

Moran  1006 
Akano  River  (Japan)  Bridges,  574 
Aligning  of  handrails,  384 
Alignment,  ISIS,  1766 
Allowable  pressures, 

deep  foimdations,  965,  966 
shallow  foundations,  966 
Allowance  for  possible  error  of  final  position, 

987 
Alloy  steels,  28,  57-93 
economics  of,  79,  80 
maximum  strength  of,  58 
rivets,  84 

weights  of  bridges  of,  1S84, 1886 
Alteration  in  contracts.  1886 
Alteration  of  plans,  176S 
Alternating-current   electric   motors,    I7989 

1794 
Alternating  stresses,  255 
Aluminum  Company  of  America,  90 
Aluminum  in  steel,  86 
Aluminum  steel.  82 
Ambiguity  in  stiffening  trusses,  659 
American  and  European  practice  compared, 

1181 
American  bridge  designing,  evolution  of.  29 
American   bridge  engineering,  development 

of.  19 
American  Railway  Elngineering  Association.  30 
conclusions  concerning  waterways,  1110, 

1111 
system  of  bridge  inspection,  1614, 1616 
tests  on  impact.  123 
American  Society  for  Testing  Materials,  31 
American  Society  of  Civil  Engineers,  31 
American   Society  of   Municipal   Improve* 

ments.  1748 
American  standard  I-beam  sections,  460 
American  Steel  and  Wire  Company,  77 
American  Vanadium  Company,  of  Pittsburgh, 

82 
Amusement    casino    for    Havana    Harbor 

Bridge,  1077 
AnalymB  of  stresses,  origin  of,  15 
Anal3rtic  method  of  stress  computation,  158, 
159 
computing     streseee     in     trusses     witb 
polygonal  chords,  150 
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jltttaftnl  n^ttlill  iM  liMoi^'vnttNDilf  ^ttfr 

United  StiilM,  iim 
Aiitf-«MQinff  devioH  lor  niAi»  887 
Apoikidotnit  IS 
Applfaalloii  of 
AppftmohoB.  685 
.     irtlsCie,U18 


eurvwon,  ISIS 

ooonomioi  ci,  USS 

timber  trestle,  18M 
Aivroodmate  quAiittties  of  materiab,  iSfIc 

1874 
Approval  <tf  bridge  plane  Iqr  War  Deporttnent 

obetadee  to.  1141 

nike  for,  1140 
Arbitration,  1M6, 1887. 1688, 1888 

bond  goaranteeing  to  abide  by  deoUon 
of,  1888 

examples  of,  1888, 1888 
Arches, 

aesthetics  of,  617 

abutments  and  piers, 

calculation  of  stresses  in,  911 
quantities  in,  1887-1347 
steel  in,  1844 

advantages  of,  618 

Babylonian,  9 

barrels,  quantities  in,  1888 

braced-rib  t3n3e,  620,  636 

bracing  of,  635 

camber  of,  752,  760 

cantilever,  632,  633,  636 
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tiiiekiMii  Of ,  «|wilte  «f;  887 
gontiliit  in,  IHMMf 
U 
.10 

in 

ibortanliig,  SfK  87i  881,  BHI 

<llwtsof,8n 

poflMoB  of  poini  of 
870 
■olid-rib  tgrpo  of.  680, 686 
iUlld^DOBfbvL  MO 


nVf 


fni  813;  872,  868 
llme-liliitMl,  89^  627»  686 
timbor,  617 

tiaibor,  ovor  tho  Danubo  Bfvor#  10 
tttiii  ihedi,  618 

i|iP»4iiii0Mlt  89^  686 

iifitlbfi  of  metal  in,  fonmils  for,  688 

iiidtbiof;637 

«pind  ■taeneo  in,  684 

Mot   ill   oni^boifins 
iMilicll88 
«ffeot,270 
,  AvirioMi  brides  piactioo,  1184 
monMot  law,  283 

«iiilloi»  not  and  poH,  424, 486 
oofvor  plstaii  426 
liilato  ftlntoi  flancMi^  428 
imtMwajWJ,  dotannlnalion  6i  datafor,  HOI 
Biw  Bridoo  at  Fort  Sioith,  728 
BntfnoM' hoarinv^  1148 
F.,671 
Sooo  Biidfa  at  Fteadona,  CaL,  941, 
1184 
Dorign  of   BridflM"  by  Tymil, 

UT8,1181 
81 

brides  diiaiter,  24, 1841 
61,362 


'iSOor  for  briok  paving,  1888 
pftVoniMit,  370, 1888 

iiP«iring^l81T 

irai^tof;06 
ripocMoationa,  1888 


861,862 
and  reaming,  1488, 1484 
oronblsMingof  oontraet,18i8» 


flttanhmanti  far  iiimt^rtHiiL  INHfc  Mliri 
Attnnflennn  raaiilarttrnf  bstiiMtdktiuiit' 
Anair  faorinaiL  88tt  •y.i^^L  /> .:  ^r-?^ '. 

Anotarlito  BildhpliCPteiA  818;  886^18111^ 
Aoetin.  tens,  bri40i,118r  •  ^ 
JMvard  of  oontaot,  1881 
Asm,  giwvfty,  inMaietfon  oil;  898 

BiMbittjnital  81^1118 

hearingi,  ZN 
Babj^on  Bridge  oiror  the  ]SlqEilEntta%<lt{  t 
Bafaylooian  arabeBk  8 
BaelMsheoking,  1868 
Baok-fiUing,  1864 
Bafdarta3%668 
Bagi81ledwittidayaiiiaindferfagiwiirtl«tt» 

978 
Bagi  lor  oofferdama,  978 
Haianoed  loads  on  rine-bsaring  airing  repani* 

vtaotiona  lor,  600 
Baldwin,  A.  &,  1068 
Ballasted  floori,  847, 848»  849, 880i  778^  188i 

oomparison  with  open  dsdE,  847 

effect  on  impaet  of,  126 
Ball  rignal,  1881 
Baltiraoie  tniss^  24, 468, 488 
Banding  of  aidi  ribs,  944 


> 


dealing  with,  1888»  188? 
introdnetiona  to,  1868 
rejeotion  of  proieot  bgr,  188f 
Banks, 

caving  of,  1069 
eroskm,  1069 
gradhig,  1069 
hifl|i,1888 
protection,  1868 
sliding  of,  1874 


b(»ingi,  1887 

erection,  1848 

erection  on,  1078 

xenewsl  of  spans,  1818 
Bar  busing,  weight  of,  287 
Baraett,  Robert  C,  1188, 1868 
Bars, 

areas  of,  700 

comigated,  48 

deformed,  origin  of,  28 

reinforcing,  48, 1779 

twisted,  48 

weights  of,  799 
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B4  7Q2,  708, 70«»  714 

lolHnf  lili  typd.  701 

r,  901,  708,  708, 714 


\* 


»»^ 


StniHi  trau^oik.  70*.  706^  7H,  71i 
tmnnioii  tsnf^  701 

Waddill  4   Binii«lQm    708^    TUk 
711 
wind  loMif  for,  U6 
tmtiiHi  toff  ptiditali,  488 

IncdM  of  ,  M88 

meMUfemnito,  ]488»  1487, 1488 
Bue  pl^tei,  itMiMui  finom  MOMitrio  loadib 
304-a09 


abutmanto,  prMfuiw  on,  1030, 1081 

counterf orted  retaining  walls,  ktads  on, 
1030 

pavem6nt8,  368,  369 

pedestals,  1888 

piers,  enlarging  of,  071 

piers,  piles  in,  1050 

piers,  pressures  upon,  064 

plate-girder  spans.    1SE00  Shoes. 

retaining  wall,  design  of,  1036,  1038 
Basins  for  floors,  373 
Basket-woven  mattresses,  1060 
Bates,  Onward.  1087 
Batten  plates,  285,  505 

for  truss  members,  1878 
Batter, 

columns,  1684 

pedestals,  1028 

pier  shafts,  1051 

sides  ^f  caissons,  987 

sides  of  masonry  piers,  1021 

tower  columns,  540 
Batter  braces,  bending  on,  1680 
Battered  piles,  1011 
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9^40 

lor  Mphalt  pmymEM&ttt,  ISIS 

tlODiB  for  MpluUt  pttWDMlit  liSU 

pwomoai,  870^  tW 
dotemrfnation    ol,    for   aqiludt, 


Bivw  BridcB  on  ths  LotnaUna  A; 
ArlouoflM  RaiKriy,  737,  739 
Eth.  work. 


Vb  Jdand  Biidfe,  68,  A86.  688,  504 
J.  C,  1117 

foondattiooui  lor  eaiHonB,  083 
ComMoted)  pAveinfliit,  IMt 
eainoQ,  1001 
out  materials  i^om  calnQiM,  1000 

009,1000 
It  records,  IMS.  140A 
Its,  onkt4dnn  for,  1401, 14ttS 
Bivsr  Biidfls  at  Kansas  City,  986 
Indfeator,  1736 

swing  QMUis,  664 
del  Bio  BridgB,  Medoo,  770,  966 

type,  use  of  in  the  specifications, 
1741 
r,  Hodfls  ft  Baiid,  870,  391,  48lr498, 


^a  formula  for  power  for  swing  qiians. 


truss,  468,  472 
Wendell,  23 
334 
1060 

anbhor,  457, 644, 1058, 1668»  1736 
ioK,  467, 1716 
119,1731 

tamed,  337, 1731, 1736 
till,  Itn,  13M 
indebtednees,  amount  of,  1693 
^  rsils,  356, 1649 
as  eompensation  for  enginewring  work, 
166T' 
.gnarattteeing  of,  1699 
piioeof,1366 

(Oemany)  Bridge,  626 


for,  1993 
bartis  for,  1697 
;1todmk,1163 
fandb  marks  for,  HOT 
boiddsn^llOl 


i!Wf. 


puddle  for,  1991 
fMjl  of  maUng.  1699 
;«littte^l997 


ti^ 
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jiffiipmspt  lor,  3996 
isfiHne  —>•**»•  lor.  1116  ' 

instruotiotts  to  partfosi  UH 

BaUHlgr  Insurance  lor  ^ppiii^  Uii 

keatkm  of,  IIM,  1116 

making  of.  1996 

neeesrity  for,  1661 

number  of,  1664^1161 

outfit  for,  1996 
diqxieal  of ,  1197 

psying  cost  of,  1664 

pipe,  measuramonts  of •  1399 

power,  1166 

leliabiUty  of ,  1669 

reports,  1197 

sandbars,  1196 

scaifolding  lor,  1104 

scows  for,  1997, 1104 

skiff  for,  1166 

tools;  shipping  back  of,  1106 

waBh.1669 

watchman  for,  1166 
337 
Boston    ft    Providence    Raiboiwl 

f ailute,  1641«  16tt 
Bottom-chord 

I  with  web  plate,  405 

joint,  designing  of,  637,  629 

lap-qdice  (tension),  512-!517 

sections.     Sm  Truss  msmbesai 
Bottom  lateral  systems,  896,  404 
Bottom  Telocity,  1119 
Boulders,  004 

encountering  in  boringiu  1106 

sinking  caissons  through,  998 
Bouscaren,  Louis  F,  O.,  25, 29 
Box  compression  chords,  286 
Box  secttons,  408 
Boxed  spaces,  278 
Braoed-rib  arches,  636 
Braced  sted  piers  and  towers,  1006 
Bracing,  30 

cantilever  brackets,  382 

cribs  and  caissons,  1040 

cylinder  piers,  1026, 1056, 1056 

portals,  203 

stringer,  204 

towers  in  trestles,  530 
Bracing  frames,  304 

multiple  track  structures,  277 
Brackets,  1673 

cantilever,  temporary  omfssinn  of,  1676 

connections,  376,  378 

comer,  340 

drum,  1693  '  ^ 

floor-beams,  378,  379,  380 

stringer,  376 

temporary  omission  i>f  1394 
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45 


dafinitkMi  of ,  584 


57 


ciomultfant  89 

duty  oi;  to  Us  ooiitnwton^  Sf88 
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Homan,  55 
Hosendale,  55 

epeoifications  for,  1849»  1850. 1861 
-tasting  at  manufactory,  1470 
Oentering  castings,  1788 
Oeotering  for  arches,  1608 
Oentre-bearing  swing-spans,  1696 
centre  wedges  for,  1717 
distribution  of  load  on,  687 
pivot,  tracks,  rack,  and  rollers,  1716 
reactions  for,  691 
supporting  of,  696 
Oentre-castings  for  rim-bearing  swing-spans, 

1716 
Oentre    Ijne    of     arch-rib,     determination 

of,  863 
Oentres,  arch,  1769 
Oentree  of  gravity, 
angles,  424 

plate-girder  flanges,  427 
Centrifugal  force,  132,  133,  135 
loads,  956,  1684 
point  of  application  of,  136 
Centrifugal  ptunps,  979 
Cemavoda  (Roumania)  Bridge,  600 
Chalfant,  A.  G.,  596 
Changes,  1768 

cost  of  and  reasons  for,  1061 

contracts,  1886 

grade  on  structure,  356 

grades,  374.  1748 

plans,  1664  ^ 

temperature,  effects  of,  1664 

reinforced-concrete  bridges,  957 
tracings,  1886 
Channels,  47 
built,  495 
roUed.  493-495 
tumed-in  flanges  of,  339 
Channels  of  streams, 
curvature,  1058 
obstruction  due  to  piers,  1181 
shifting,  as  affecting  layout,  1816 
straightness,  narrowness,  and  permanency 
of,  1090 
Charges     for     inspecting     bridges,      1619, 
1680 
schedules  of,  1608, 1608, 1604 
Charleston,  W.  Va.,  Bridge  failure,  1646 
Charts  of  progress,  1486 
Check,  deposit,  1881 
Checkered  plates,  374 
Checker's  duties,  1398 
Checking, 

calculations,  1371, 1378 
drawings,  1888,  1388, 1384, 1896 
estimates,  1361 
finished  design,  280 
materiab,  1477 


Checking, 

shop  drawings,  1886,  1896,  1898,  1408, 
1411 

triangulation  work,  1468 
Checking-prints,  1396    . 

filing  of,  1410 
Chester,  Mass.,  Bridge  failure,  1648 
Cheiy  formula,  1181 
C.  B.  &,  Q.  Ry.  formula,  1116 
Chicago-City-type  bascule,  708,  709,  715 
Chico  cantilever  in  Mexico,  1068 
Chief  designer's  duties,  1389 
Chief  draftsman's  duties,  1391, 1398 
Chinese  arches,  9 
Choice  of  type  for  piers,  969 
Chords, 

bottom,  sections  of,  495,  497 

curvature  of  track,  effect  of,  145 

curved  top,  479,  480 

deformation  of,  208 

heating  of,  212 

packing,  1688 

pins,  eccentricity  of,  340 

polygonal,  479,  480 

sections,  333,  492,  493,  501,  530,  1676, 
1681 

splices,  location  of,  510 

top  chords,  498-500 

trusses,  333,  501.  530,  1676, 1681 
Chrome-nickel  steel,  58 
Chrome-steel,  27,  58 
Chrome-vanadium  steel  for  rivets,  84 
Chromium  in  steel,  84 
Cincinnati-Newport  Bridge,  605,  606 
Cinders,  54 
Cisco     arch     cantilevering,      1604,      1606, 

1606 
City  Waterway  Bridge,  Tacoma,  Z34,  735, 

1076 
Clam  shell  dredges,  992 
Clarke,  Reeves  &  Co.,  29 
Clarke.  T.  C,  27,  662 
Classes  of  floor  systems,  346 
Classes   of   traffic   and   provision   therefor, 

341 
Classification, 

bridges  in  general,  1688 

highway  bridges,  1688 

reinforced-concrete  bridges,  953 
Clause  index  of  Chapter  LXXVIII,  1736 
Clause  index  of  Chapter  LXXIX,   1887 
Clauses  (variable,  incomplete,  and  perma- 
nent) in  specifilcations,  1748 
Claw  couplings,  1789, 1730 
Clay, 

borings  in,  1103 

pile-driving  in,  1016 

puddle  for  borings,  1098 

sinking  piers  in,  993,  995,  1000 
Clay-centered  arch-rings,  1687 
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Cold-rolled  shafting,  337 
Collapsing  of  ooffeidams.  979 
Collars,  1780 
Collection  of  data,  1088 
Collingwood,  Francis,  062 
Colorado  River  Bridge   at   Austin,  Texas, 

1164 
Colossus  Bridge,  Philadelphia,  20 
Columbia  River  Bridge  at  Trail,  736,  1026 
Column, 

anchorage,  278,  304-309,  1643, 1644 
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noo  nmnberSf 
distribution  of  metal  in,  274,  402 
intensities  of  working  stresses  for,  259, 310 
Vr  for,  494 

proportioning  of,  492-^505 
thickness  of  web-plates,  1677 
unit  stresses,  322,  323 
CompresBion  and  shear  in  reinforoed-ooncrete 

beams  and  slabs,  1657 
Compression  stresses,  178 
Compression  tests  for  concrete,  946 
Compression  tests  on  columns,  259 
Compressive  strength  of  concrete,  957 
Compromise  Standard  System  of  live  Loads 

for  Railroad  Bridges,  99 
Computation  of  stresses,  concentrated-wheel- 
load  method  for,  160,  161 
Concentrated  loads, 

plate-girder  spans,  shears,  moments,  and 

reaction.  414,  416,  417,  418 
reinforced-concrete     slabs,     distribution 
over,  852 
Conoentrated-wheel-load   method   of   stress 

computation,  160,  161 
Concrete, 

abrasion  of,  1024 

application  to  American  bridgework,  28 

base  for  paving,  368 

caissons,  advantages  of,  1004,  1005 

camber  for  bridges,  753 

cinders  for,  54 

compression  tests  for,  946 

compressive  strength  of,  957 

construction,  inspection  of,  951 

construction  work,  946-953 

continuity  of  operation  in  placing,  1866 

cost  of  cubic  yard,  1864-1360 

dry  surfaces  in,  1854 

encasing  of  metal,  769 

estimating,  1354-1360 

hand-mixing  of,  1554 

heating  materiab  for,  1044 

inspection,  1449 

intensities  of  working  stresses  for,  958, 

959 
minimum  thickness  of,  962 
mixing  and  placing  of,  951,  1043,  1863 
pavement,  370 
paving  base,  368,  369 
piers, 

advantages  of.  1022.  1023 
coping  of,  1024 
pUee,  1012,  U91,  1856 
proportions,  185S 

reinforced.     See  Reinforced  concrete, 
application  to  American   bridgework, 

28 
origin  of,  17 
removal  of  forms  from,  952 
revetment,  1062 


Concrete, 

salt  in,  1044 

salt  water  for,  1044 

sand  for,  54,  55 

shafts,  designing  of,  1024 

sidewalks,  1836    . 

specifications  for,  1851-1854 

stone,  53 

impurities  in,  53 

stresses,  working,  958,  959 

testing,  1468 

testing  of  hardness  of,  953 

weights  of,  95 

working  stresses.  958,  959 
Concreting  in  freezing  weather.  951 
Concreting  of  arch  ribs,  952 
Condemnation  of  old  bridges,  1519 
Conduits  and  gas  pipes  for  lighting  systems, 

1848 
Congress  Street  Bridge  at   Troy,    N.    Y., 

493 
Conjugate  pressures,  1032 
Connecting  plates,  strength  of.  284 
Connecting  trestle  towers  by  girders,  538, 

539 
Connection  angles, 

floor-beams,  378 

plate-girders,  444-446 

stringers,  376 

wide-legged,  209 
Connection  at  cantilever  arm  for  transmission 

ofwindloads.  611,  613 
Connections,  reaming  of,  1783 
Connel  Ferry  Bridge  (Scotland),  603 
Conoid  of  pressure,  1011 
Consent  of  surety,  1885 
Considerations  in  contracts,  I56S9 1564 
Considdre,  18 
Construction, 

administration  of,  1588 

engineering  of.  1466 

facilities  as  affecting  layout.  1216 

joints    in    reinforced-concrete    bridges, 
950 

modus  operandi  of.  1757 

records,  filing  of.  1410 

reinforced-concrete  bridges.  946-953 

tramways.  999 
Consulting  bridge  engineers.  39 
Contingencies.  1349 

allowance  for.  1599, 1600 
Continuity  of  operation  in  placing  concrete, 

1855 
Continuity  of  stringers,  210 
Continuous  girders  and  trusses.  482 

moment  coefficients  for.  845 

plate-girders.  418,  419,  444 

spans,  1643 

stresses  in,  850 

truss  bridges,  25 


■  A-i 


,  -*rfcMi»Jit     ,» 


..«- 


k'^r>:^.^ 


IV'I^S^ 


WxMfP- 


«Kta»  iMymmt,  ditiM  for.  IMS 

ionN»irtiiic  «fV«&tiMlftiei  te,  tili 

foMi  of;  IMS,  18M,  Iflt.  liM 

impofflaace of  drmftfag propiT,  tHf»iili 

Istliiic  "gH  oold,"  tin 

Kmiidiited  dAini^M  in,  UM 

maaif  okUng  of  ,  !•?! 

openbg  olauMs  for,  lift,  liM 

partiM  to,  dMoiiptioa  of,  SMS,  IMt 

"pMrinc  the  doOtf"  in,  UM 

payment  clause  of,  IMS 

penaltiecUM 

pteamblet  for,  ISH,  IMS 

proinliWH  in,  1066 

eoope  of,  IMS,  1810 

signatures  to,  IMT 

submission  to  lawyer  for  final  tpptovti, 
1871 

Sunday  illegal,  1871 

U.  8.  QoTemment,  1888 

witnesses  to,  1887, 1888 
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Contractor,  1707 

directions  to,  1788 

duties  defined,  1888 

incompetent,  1818, 1818 

plant,  1818, 1788 

rights,  1818 

risk,  1768 

warning,  1818 

work,  other,  1788 
Contraflexure,  point  of,  in  columns,  294 
Controllers,  1703, 1784 
Conversion  of  a  simple  span-bridge  -into  a 

cantilever  structure,  1079 
Cooper,  Theodore,  29,  98,  269,  634,  662 
Coping.  1021.  1052 

concrete  piers,  1024 

quantities  for,  1300 
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wachta,*426 
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ICfT 

widths  of.  ^B 
Coren  for  mrhinrry,  ITU 
Cowinc  bttaoule,  712 
Cnufitnc  of  cables,  21 

in  fnarhmrty  boose,  tn^  1881 
775 

block  paTUis.  UtS 

piles.  775.  1013 

wcishtsof  95. 
Oribs,  975.  977 

braans  for.  1049 

974 
104S 
CrimpiDS.  332 

stiffenins  angles.  328.  421.  1M8 
CriUrkm, 

economics  ot  bridge  lasrouts.  1189 

maximum  bending  moment.  164 

maximimi  shear,  162.  164 
Critical  section  for  pure  shear  and  diagonal 
tension  in  beams,  positions  of, 
836 
Critical  sptedB,  124.  126 
Critical  velocity.  1187 
Criticising  another  engineer's  work.  1681 
CrossKlykes.  1061 
Cross-frames  near  expansion  pockets,  398 

▼inducts.  338 
Cross-girders. 

pUte-girder  spans,  16S9, 1678 

truss  spans.  1677 
Crossings,  right-angled,  1090 
Crown  hinge  for  arch  bridge,  646 
Crowning  of  roadways,  372,  373 
Culverts.  1043,  1864 
Curbs,  373.  374 
Curbs  on  embankments,  1887 
Current  measurements,  1148 
Current  meters,  1148 
Curvature  of  channel,  1058 
Curvature  of  top  chords,  480,  1178 
Curvature  of  track 

adjustment  of  track  for,  138 

clearance  diagrams  for,  147 

e£Fect8  of,  132 
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14S 
144 
141 

for,  188 
Inversion  of,  138 


Cumd  ftaacesof  pUtc^cvnlers»  <07 
Carved  SBMnbers,  273 

top  chords,  479,  480,  4$7,  4SS 

tmsoess  19n 
Curveft.  dearsaces  OQ,  1888 
C^irees  on  approAches,  1818 
Carr«s,  levwse,  IStS 
CuahioQS  for  wt>od-block    paTwuenta*  368i» 

3G9 
Customr  duties,  1T88 
Cut  spikes,  362 
Oits.  beveled.  328 
Cutting  edgn,  967.  999,  1050 
Cutting,of  pipe,  1188 
Catting  rates,  1888 
Cylinder  piers.  1025,  1036,.  1054,  1058 

bracing  of,  1026,  1055 

strengthening  of,  1888 

telescoping  of.  1026 
52 


Daily  labor,  limits  of,  1T88 
Daily  records,  14T8 
Daily  reports,  1488 
Damages,  1T88 

Uquidated,  18T8 
Dams,  974 

freesing  process,  974 
Danger,  faring  by  engineer,  181T,  1818 
Danger  from  fire,  348 
Danube  River  bridge  designs,  1178 
Danube  River  timber  arch  bridge,  10 
Dapping  guard  timbers,  364 

ties,  359,  360 
Data,  collection  of,  1088 

fuU,  1689 

necessity  for  obtaining,  271 

required  for  designing  bridges,  trestles, 
and  viaducts,  1081 
Dating  of  contract.  1667,  1888 
Day  labor  method.  1888, 1588 
Dead  loads,  94.  956,  1878, 1649 

arches,  96 

assumptions  required  in  determining,  94, 
Q5 

checking  of.  1377 

distribution  of,  94 

extraneous,  94 

unit  weights  of  materials  for,  95,  956 
Debris,  removal  of.  1789 
Decay  of  foundation  piles.  970 
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132 

IMonairtioii  twt  Hiiar«th'i»  UMIi  Mil 
Dtfomwd  bsn, 
oriliiiof,28 

Degreom  utiUsatioii  of « 1M8 

Dilaym  ISlf 

Delays  In  oompletifm  oi  oonftnwt,  IlH 

Demurrage  and  oarUce,  ITM 

Depottt  check  and  forfeiture  ttmnoi,  ttti 

D^wedaHon  rate  of  llt7 

formube  for,  llt7»  UM 
Depths 

economic,  for  plate-girden,  410,  430 

effective,  IMO 

foundations,  ISST 

plate-girder  webs,  determination  oi,  419* 
421 

truss  members  404  405 

trusses, 

economic,  1154 
excessive,  1176 

viaduct  girders,  320 
Derrick  car,  34 
Derrick  for  borings,  1097 
Description,  general,  1748 
Designing.    See  also  Diagrams  and  Tables 
for  designing. 

arch  spans  and  piers,  040 

anchor  bolts,  stresses  in,  304-300 

base  of  retaining  walls.  1036,  1038 

base  plates,  eccentric  loads,  304-300 

column  footings,  036 
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jppipiffvlioii  oft  ISTiy  18M 

Citt  ilto  DissmiMi  mm!  UkUw  iot 
lifffifffnifi  Wf  Iff! 

^iiipqrlMiM  of.  280.  281    * 

iainlt.618 

cpiB^wibbed,  li^wtod-cirder  4|wa%  liVA 

iplnii  1007 

flift^ooiiiiMlwl  hi|[}nfiy  ii*^*^*^  1888 

tiate  girdw  ipM^  tt88,  tt88»  1878, 1811 
ioiii»1007 


■iflnd'tnMi,  lii^wiy  qmuis,  1880 
nilwiy  wpmoM,  18Y8 
K  jdM  I-Imuii  qmiui,  1807, 1088 
402,808 
of  tnwNi,  peraantaflM  of,  1887, 1888^ 
1181^1881 

tMteof,  ivn 

oihddgm,  1888 
tgrmrtiiic,  181T 

of  umm  ci  waterways,  data 
for,  1188 

of  oentie  line  oi  rib,  863 
<tf  layouts,  1810 
of  probability  of  aoour,  969 
Brides,   Cleveland,   Ohio, 
631,632 

Aiwrioan  bridge  engjaeering,  19 
lals,16 
.vdjlafflng.  30 
IMkiMsr  bridge  building,  1888 
li^iioniBg  ban,  963 

UmhUf  isinf orced-oonorete,  961 
of  tnusBS,  sections  for,  1876, 1881 
lor  dssignfaft  detailing,  and  esti- 

Wlfttfllg, 

lsn4i  ribsb  vahiss  of  n  and  r,  640 
giifitfiftigul  locea  fram  curved  track,  137 
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tailwagr  abiitawnls^  llii  ^  v 

rafhragr  tnlMMdnDBMBEti,..IU|88^^>8880' 

drawqiMuis, 

Deroentafls  of  isiiaiift  of  simils  snaiL: 


naotiooB  Jor  baiaiMTtirt  Inads  m  diit' 

bearing,  800 
laaoftions  log  esnlwi  baariaft'OOl 
Mwssures  on  retaiaifit  walkb  ION 
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faapael  eoefildMits,         . 
sleotrio  railwsy  bridgssi  180 
Uilkwagr  bridgH^  181 
tailwaar  bridgi%  180 

ladlig,  287,  288,  280 
loads, 
Uva, 

end  riiears,  elsctrie  laihray,  100 

end  riiears,  hiilway,  104 

mt^f)fi^  dia^wn,  duss  80  littafffngj 

168 
equivalent  oolfoitti  for  Aetrio 

railwsy  bridgis,  110-116 
equivalent  uaifona,   lor  raHiiagr 

bridges,  106, 106 
toad  roileis  and  motot^truoks  lor 

U^wsy  bridges,  118 
uniformly  distributlBd,  lor  bi^wsy 

bridges,  117 
wheel   loadingi,   electric   laihrsy 

bridges,  107 
wheel  loadings,   railway  bridgsiy 
103 
tractkm,  for  railway  bridges,  187 
wind, 

area  of  railwsy  bridges  oi>osed 

to  wind,  163 
Dueh«nin's  formula  for  incHiiad 

surfaces,  160 
highway    and    eleotrio    railwagr 

bridges,  164 
railway  bridges,  181 
net  sections  of  riveted  tensioa  nembsHB 

295 
I>late-girder8, 

economic  depths,  400 
flange  sections,  422 
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870 
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on 


810 
doaUMrinlbroed  bMSM,  8Q0-«H. 
flisiiTO  and  diiMt  sImm,  898,  8S7, 

881 
moment  <a  inertia,  840,  841 
reetanguUur  beams,  707,  798 
■bba  and  Hnall  beams,  708 
T-beams,  800,  811 
▼ariable  depths,  817 
web  zeinf oroement.  836 
eonoentrated  loads,  distribation  over 

slabs,  853 
anrangement  of,  864 
oontinuous  girder  moment  ooeffieient, 

846 

value  of  ib  - 1^  and  2ib  -  3Jb*  +  J^> 
843 
forms,  pressure  of  oonerete  on,  040 
quantities.    See  Quantitiee. 
retaining  walls,  quantities, 
plain,  1319 
reinforced,  1318 
rivets,  diagram  for  number  required,  610, 

520 
skew-span  arrangements,  485,  487 
superelevation  of  track  on  curves,  135 
tension  members,  riveted,   net  sections, 

295 
timber  beams,  303 
trestles,  railway 

economic  span  lengths,  1859, 1870 
maximum  loads  on  tops  of  pedestals, 
1803 
trusses, 

section    of    members,    pin-connected 
spans,  530 
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basins,  878  ^■ 
curb  and 
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pkwqi  pien.  007 
tmi  WBoofwm,  97B  . 
978 
pipM,  362.  878 

btidgBs.  884.  MM 
dottfatet  rotatiiig  oaatpevw,  686, 
eoooDmio  fimctioM  of » 1184 
cleetiioal  opef»tion  of,  679 
Viftesfor.  UM8 
iMMiMmUl  foldiac.  888 
>  iMids  for.  1887»  i888»  1888 
pfotectum.  779 

oo8t  of ,  779 

iVwJgningg^  779 

omiwion  of,  779 

timber  erib  type,  780 
I     pi|ia4M€k.  866,  667 

VMctioai  for  centn-bearing.  091 
rest  pkn  for,  779 
diottr-pole,  665 
■tgrlM  of  truMes  for,  1888 
tn]ne8,1881 
)Onm  lor  laterals,  891 

aoeompansdng.  1768 

dMwIdns  of ,  1888. 1888, 1888, 1888 

fiiwfiiiig  of,  1887 

eonteiite  of,  1881 

detail,  1788 

determliiation  of  nqtiired 


t 


F- 


ft  * 

i 


pnparatioii  of,  1878, 1888 

fifing  of  ,  1888 

laying  out  of,  1881 

mailing -of,  1888 

making  of,  1878 

numbering  of,  1888 

leoorda  of ,  1888, 1887 

leinforoed-ooncrete  oonstruction, 

iliop,U88 
[.     time-feeord  for,  1808 
f      titles  for,  1881 

working.  1888, 1788 
f>rod0Mi.9f» 

^Pledging  maohine,  origin  of,  12 
^Dresring  for  Vopes,  1701 
llhif ting.  1781 
p>rif ting  tests  for  steel,  1778 
iMlling.327 
^     bed-foek,  1188 

ooie,  1084 
,     solid.d84 

IMII  pipe,  turning  of,  llOi 
IMU  points,  1004 
IMpplbii^  Wbe,  428 
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Drive  eape,  U80 

Drive  bMKl  te  faoriaii^  Mii  UHv 

Driving  pOse,  1614, 1888 

eosto^  |i^9 

kmg  pOss  wiUi  water  iet,  1017 

througli  elaiy,  1016 
Dnq>  hemmer,  1014 
Drume, 

operating,  11B8 

rinHbearing  swing  spans,  |88t 
bearing-blodDi,  1884 
designing,  801, 802 
gudeni,  1884 
Duotmty  test  for  aq>balt,  1818 
Duhith  Bridge  derign,  687 
Dufaith  Transporter  Bridge,  872 
Dumb-bell  piers,  1028, 1062 
Dun,  James,  1111, 1111 
Dun  waterway  table,  lUl,  Ills 
DupUoation,  1808 
DurafaiUty  of  piling,  1013 
Durability  of  plate-girder  spens,  4C9 
DOsseldorff  Bridge,  628 
Dust-eovers,  1781 
Dust  guards  for  roUeni,  456 
Duties,  customs,  1788 
Duties  of, 

bridge  engineer  to  bimsell,  1881 

bridge  enginew  to  bis  dients,  1888. 

bridge  engineer  to  bis  eontrsetors,  1888 

bridge  engineer  to  bis  emplosrees,  and 
tbeirs  tohim,  1888 

bridge  engineer  to  tbe  profeesion,  1888 

bridge  engineer  to  tbe  pubUo,  1881 

employeee,  1888 
Dykes.    See 
Djmamiting, 

caissons,  903 

pOes,  1015 

pipe,  1068 


Eads  Bridge,  St.  Louis,  25,  27,  820, 821 

estimate  of  oost  of  ,  1881-1888 
Earning  capacity,  nfpotiM  on.  1874 
Earth, 

dams,  973 

embankments,  1068 

resistance,  experiments  on,  966 

thrust,  1034 

weighs  of;  96 
East  Dart  Bridge,  5 
East  Omaha  Bridge,  693,  694,  697, 11T4 

driving  piles  for,  1016 

piers,  IQStI 

righting  of,  1078 

protection,  1063 

temporary  lasrout  for,  1878 
Eccentric  loads, 

base  plates  and  shoes,  304-4MI9 
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inmrtw4tit  mMdit  tlflS 
fScwuowiic  Q|Mfli0llf»  IMltnOff  SSlV 
SooDomlo  qwa  leoflliii^ 

niofotwd^xMiflrato  traiOMy  SHw 

•toel  faflwiy  traiflMy  ISii 
BocMioiiiloSi 

alloy  ftoeUi  in  bftd^enrafl:,  79»  80 

approadiM  to  bfidcef,  Slit 

•felMS.  036,  ilti 

as  affecting  layout,  HIT 

bridge  repairs,  IttS 

cable  rise,  856 

cantilever  bridges,  UM 

cantilevers.  670.  580,  681,  686,  691 

column  siMudng,  IIM 

elevated  nulroads,  1189 

erection  considerations.  1101, 1104 

half-through  plate-girder  spans,  410 

I-beam  spans,  railway,  410 

medium  steel,  1190 

movable  spans,  1108 

pUte  girders,  1184, 1180 

plate-girder  spans,  railway.  409,  410 

reinforced-ooncrete  bents  for  steel  tresUes, 
1106 

reinforced-concrete  bridges,  1189 

silicon  steel,  89 

simple  trusses  and  cantUevara  compared, 
1100 

standard   and  least  expensive  sections, 
1101 

superstructure  design,  1181 

swing  spans  and  bascules,  1108 
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Eleratod  raflroadB,' 

eoonomioB  of.  llSf 

«levaton  for,  549 

escalatora  for,  540 

ezpaoflioii  girderB  for,  563 

expaoflioii  pockets  for,  565,  566 

luilts  in  eiinting,  553-557 

floors  for,  550,  562 

girders,  types  of,  552 

Imtest  improvements  in,  559 

laa^oiits  for,  ISn 

Ihre  kMds  for,  550 

locations  of  pUtforms  on,  549 

paper  on  by  author,  549 

pedestal  caps  for,  551 

pedestals  for,  562 

rapid  transit  on,  548 

stations  for,  549 

Buperelevation  on  curves  in,  552 

tracks  for,  557,  558 

weights  of  metal  in,  559,  565 
ElevationB,  1471 

tops  of  pier  bases,  1051 
Slevator,  hydraulic,  992 
Elevators  for  devated  railroads,  549 
laiet,  Charles,  21 
Kllipse  of  elasticity,  method  of  arch  design, 

863 
mUptical  ribs  for  reinforoed-concrete  arches, 

872 
Embankments,  earth,  1869 

pavement  and  curbs  on,  18S7 
Emphasising  functions  of  parts  of  stnietores, 

IIM 
employees, 

duties  of,  1680 

insurance  of,  1609 

retaining  of,  1600 

selection  of,  1600 

treatment  of,  1607 
Encasing  of  metal  in  concrete.  769 
Encasing  pile  heads,  968 
Encountering  obstacles,  1860 
End  bearings.     See  Shoes. 
End  bracing  frames,  394 
£!nd  cross-frames  in  viaducts,  3.38 
End  details,  plate-girder  spans.  444-447,  464, 
467,  1670 

connection  an^es,  end,  444  446 
setting  to  exact  position.  444 

stiffeners  over  bearings,  440.  447,  1670 

through  railway  spans,  464,  407 
End  floor-beams,  293,  1641,  164S 

connections,  399 
End  lifts  for  swing-spans,  695.  1717 

machinery  for,  1714 
End  post, 

bending  on,  1660 

secUons  for.  492,  498,  1676, 1661 

vertical,  481,  486 


End  shears. 

diagrams  for,  104.  109,  165 

plate-girders,  calculation  of.  412. 414, 416 
EkKlorsement  of  assistants,  lil7 
Engine  service,  1704 
Engineer,  definition  of,  1886 
Engfnecring, 

contracts,  1667 

ethics,  1610 

fees  on  bridgework,  1601 
Engineering  of  construction,  1466 
**  Engineering  Specifications  and  Contracts,*' 

1M7 
Engineer's  field  office.  1768 
Engines,  gasoline,  1708, 1808 
Enlargement,  future,    as   affecting    lajrout, 

1S16 
Enlargihg  pier  bases,  971 
Ensink,  J.,  634 
Entering  connections,  335 
Equalisers,  693,  1710 

levers  and  pins,  1708 
Equalising  stresses  due  to  curvature,  146 
Equilil»ium  of  soils,  1010 
Equipment, 

core  drilling,  1098 

erection,  1507 

field  engineer,  1488, 1480 

machinery.  1708 

power,  1701-1708 

wash  borings,  1004 
Equity.  1889 

Equivalent  total  first  cost,  1181 
Equivalent  uniform  live  loads, 

diagrams  for,  105.  106.  111-116.  166 

floor-beams,  168 

stress  computation,  164,  165 

stringers.  166 

trusses,  168 
Erasures  in  contracts,  1870 
Erection, 

affecting  economics,  1104 

arches.  618 

barges  for.  1840 

cantilever  mothml  of,  31,  1508,  1604 

City  Wat4*rwiiy  Hri»lu<*  at  Tacoma,  1075 

considcratiorm  lu*  affouting  hiyout,  1116 

dofligning  for,  WM 

cronorninn  in,  1101 

erjuipmont,  1507 

evolution  of  mnihodM,  31 

rxiionfM*M,  1865,  1866 

faliM'work,  1501 

flimtalion  rnnlhoil,  ;i4.  1508, 1510 

flontliitf  Imrjci'*  for,  1076 

gall/iwM  friiiiin't  for,  1518 
laijiM'lilhtf.  1505 
tntitlioiU  of,  1501 
orgaoUtittoit  foi.  1505,  1507 
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Erection, 

rolling  lift  bridges.  335 

shelves,  330 

specifications  for,  1741 

starting  of,  335 

steel,  1848 

suspension  bridges,  1808 
E>ic8on,  John,  716 
Erosion  of  banks,  1059 

effect  of  wave  action  on,  1059 
Errors, 

connections,  correction  of,  1849 

final  position  of  piers,  allowance  for,  987 

limits  of,  in  structural  steel,.  1784 
Escalators  for  elevated  railroads,  549 
Essential    elements    of     contracts,     1888, 

1689 
Essential  elements  of  plate-girders,  411 
Estimates  (see  also  Diagrams  and  Tables  for 
estimating),  1348 

(Caution  concerning,  1369 

checking  of,  1361 

engineer  of  a  bridge  mi*nufacturing  com- 
pany. 1364, 1368 

final,  1488 

guaranteeing,  1614 

kinds   made   by   consulting   bridge   en- 
gineers, 1388 

tiberaUty  in,  1360 

list  of  expenses  for  preparing,  1349 

monthly,  1479-1488,  1489 

railway  profiles,  as  basis,  1361 

requisites  for  preparing,  1348 

time  for  completion,  1363 

weights  of  metal,  279 
Ethics, 

bridge  engineering,  1619, 1611, 1681 

code  of,  1631 
Ethiopian  bridges,  9 
Etruscan  bridges,  7 

Etude  Economique  de   VEmploi  de  VAcier 
au  Carbone  A  Grande  Rieietance 
pour  la  Construction  dee  PonUt 
73 
Eubcea  Bridge,  6 
Euler*s  formula,  14,  258 
Euphrates  River  Bridge,  9 
European  and  American  practice  compared. 

1181 
Evidence  of  experience,  1878 
Evolution, 

American  bridge  designing,  29 

bridge  engineering,  1 

erection,  31 

materials  for  bridges,  16 
Examination  of  bridges,  1514 
Examples  of  a'pplication  of  curves  of  bridge 

weights,  1191 
Excavation,  1869 

caissons  and  piers,  1000,  1001 


Excavation, 
cost  of,  1384 
inspection  of,  1448 
Excluder  pigment.  765 
Expansion,  275,  1067, 1644 
joints,  210.  211,  374 
clearance  at,  332,  459 
concrete  structures,  212 
gap  bar  for  rails,  356 
girders  in  reinforoed-concrete  bridges, 

937 
lateral  system,  1067 
paving,  368,  370,  1831 
plates  for  floors,  374,  1836 
pockeU.  546,  1685 

floor-beams,  377.  378 
retaining  walls,  1037 
trestles,  location  of,  539 
refers  for  truss  spans,  1679 
Expedients,  definition  of,  1065 
Expedients  in  designing  and  constructkn. 

1068 
Expense  items, 

bridge  project,  1849 
erection,  1368, 1366 

estimates   of   an   engines   of   a   faridce 
manufacturing    company.    136^ 
1365 
substructure  construction.  1366,  1367 
Elxperience,  evidence  of.  1878 
Experiments  on  earth  resistance,  966 
Expert  bridge  engineer,  39 
Expert  services,  1617 
Expert  testimony,  1614 
Extension  plates,  tables  for.  310 
Extensometer,  122 
Extra  cost  of  wide  plates,  327 
Extras,  1868 
Eye-bars,  1788 
heads,  1683 
Mayari  steel.  70 
nickel  steel.  61,  93 
tests  of,  1778 


Face  walls  of  retaining  walls,  designing  of. 

1037 
Faces,  plastering  of,  1044 
Facilities  for  storage,  1763 
Factor  of  safety  for  piles,  1010 
Failures  of  bridges,  37.  1539-1647 

highway  bridges,  1647 
Fairbaim,  William,  17 
Falling  span,  shock  of,  1077 
False  bottoms  for  caissons,  994 
False    Creek,   Vancouver,    bridges,  girden 

and  floors  for,  1108 
False  evidence,  1618 
Falsework,  1501, 1769 
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carrying  trains,  1849 
cost  of.  1369 
piles,  10<lt 

x^einf orced-concrete  bridgeSt  946 
'washoat  of,  ISOl 
Palsifjring  reports,  16S8 
Palaties.  IIM 
Palflity  in  detailing.  1160 
Fanning  of  tracks,  537 
Faxming's  formula,  lllS 
Fascines,  1060 
ceUular,  1061 
sink,  1061 
Fatigue  of  metal,  255 

Faults  in  existing  elevated  railroads,  553-557 
F'avoritiBm  in  specifications,  1664 
Fees,  1601 

determination  of  in  advance,  16S8 
inspecting  bridges.  1619, 1690 
per  diem,  1604 
promotion,  1607 
Felt.  51,  351 
Fender  piles,  780,  782 

Ferro-nickel,  use  of  in  making  nickel  steel,  68 
Fl^d-glasses,  1461 
Field  riveting,  276.  1781 
Fleldwork,  329 

correspondence,  1479 

equipment  for  resident  engineer,   1488, 

1489 
inspection,   author's  methods  of,   1446, 

1446, 1447 
inspection  of  materials,  1467 
instructions  for,  1476 
notes,  1478 

notice  of  commencement  of,  1768 
office  of  resident  engineer.  1768 
records,  1476, 1476 
reports,  1476,  1476 
fifteenth  Street  Bridge  over  the  Blue  River 

at  Kansas  City,  942 
Fijeenord  Bridge,  700 
files.  1407 

calculations,  1408 
catalogues,  1411 
checking  prints,  1410 
construction  records,  1410 
correspondence,  1411 
drawings  and  other  papers.  1S86 
shop  drawings.  1408, 1411 
tracings,  1896, 1409, 1410 
Filler, 

asphalt,  1836 
asphalt  pavement,  181S 
coal  tar,  1834 
pitch  and  stone,  868 
sand,  368 
FlllerB  under  ends  of  stringers,  302,  376 
Filling,  back-,  1864 


Filling  caisson,  995 

column  feet,  1840  , 

wells,  996 
Final  estimates,  1483 
Final  inspection,  1764 
Final  quantities,  record  of,  1488 
Finish  of  reinforoed-concrete  work,  953 
Finish  of  rolled  steel.  1776 
Finished  concrete,  care  of.  952 
Finished  design,  checking  of.  280 
Finishing  coat  of  paint.  766 
Fink,  Albert,  23,  471 
Fink  truss,  24,  468,  472 
Flnley,  James,  21 
Fir.  Douglas.  52 
Fire,  danger  from.  348.  1906 

protection  from.  1844-1840 
First-class  misomy.  1861 
First  cost. 

equivalent  total,  1181 

minimum.  1181 
First  principles  of  designing,  267 
Firth  of  Forth  Bridge,  593,  594 
Fisher,  S.  B.,  725 
Fitness,  inherent  sense  of,  268 
Fitting  of  Btiffeners.  331 
Flange  couplings.  1780 
Flange  sections  for  stringers,  328 
Flanges  of  cantilever  beams,  380-388 
Flanges  of  channels,  turned  in.  339 
Flanges  of  plate-girders.  421-444 

areas.  423-426,  429.  430 
calculation  of,  432 

centres  of  gravity,  424.  427 

cover-plate  lengths.  440-444 

make-up  of  sections.  422-430 
cover-plates.  422-428 
no  cover-plates,  428,  430 

rivet  pitches,  432-441 

section,  determination  of.  433 

splices.  421 

unsupported  lengths.  431,  432 
Flaring  sides  of  caissons,  1001 
Flash  test  for  asphalt,  1810 
Flats,  47 
Fleming.  R..  304 

Floatation  method  of  erection.  34. 1603, 1610 
Floating  bridges.  674.  675 

swing  span,  684,  1078 
Flooding  of  cofferdams,  979 
Floods,  magnitude  of.  1110 
Floor-beams, 

bending  stresses  due  to  deflection  of.  206 

brackets,  378,  379,  380,  395 

connections.  378 

deck  spans,  493 

effects  of  track  curvature  on.  141 

end.  293.  354.  1641,  1641 

equivalent  live  loads  for.  168 

expansion  i)ockets,  377-378 
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brfokpftwoMiiti,  870 

buckled  plate^  870i  872 

eftntilevering  of •  483 

oompariflon  of  ,  849 

oounteniiikiiig  ties  for  hook  bolli,  800 

curbs,  373,  374, 

drainage  of,  352,  353,  872,  373 

ezpansion  plates,  374, 1880 

fillen,  sand  and  pitch,  308 

fireproofing  of  railway,  347,  348 

gratings  for,  373 

highway  bridges,  304-308, 1084»  1888 

nailing  shims,  300 

noiseless,  348 

open  deck  construction,  347,  348,  354 

shallow  floors,  353,  354 
paved.  1630 
paving  bases,  308-370 
pitch,  366 
plank,  365 

bases,  369 
railway  bridges,  346-364,  1038 
reinforced-concrete,  350,  351,  370 
shallow,  348-351,  353,  354,  493 
sidewalks,.  372,  1830 
solid  deck  construction,  349-351 
stone  block  pavements,  370 
timber,  365,  366. 1033-1080 


.^,... 


INDEX 


2139 


Fbundataons, 

testing  of,  1518 
Founding  of  pneumatio  oaiflsonfl,  071 
Founding  piera  on  a  thin  crust,  970 
Four-angle  flanges  of  plate-girders,  437 
Four  moments,  theorem  of,  215 
Fowler,  Charles  Evan,  608,  610 
Fox-bolts,  453,  454,  457,  1786 
Fox,  Herman  H.,  783, 1387 
Fox,  a  Waters.  1059 
Frmcture  of  steel,  1778 
Framed  trestles,  773,  775 

bradng  of,  775 

limiting  heights  of,  773 
Framing  of  caisson  timber,  989 


River  Arch  Bridge,  1170 
Fraeer  River  (B.  C).  bridges,  577,  578,  629, 

635 
Fraser  River  Bridge,  New  Westminster,  B.  C. 

erection  by  floatation,  1803 

foundations,  983 

pfles  for,  1017 

trianguUtion,  1468, 1464 
Fratt  Bridge,  Kansas  City,  31,  344,  723,  724 

chord  sections  of.  495,  496,  499 

description  of,  726 

illustration  of,  727 

rocker  shoes  for,  545 

secondary  stresses  in,  188 

shoes  for,  532 
Pratt,  F.  W..  724 
Free  Bridge,  St.  Louis.  25,  26,  59,  91 

nickel  steel  for.  91 
Freedom  from  obstruction,  1090 
Freeaing  of  dams,  974 
Freesing  of  mortar,  1044 
Freeaing  process,  972 

for  cofferdams,  977 
Freeaing  weather,  concreting  in,  951 

lasting  masonry  during.  1864 
Freight,  routing  of,  1786 
French,  A.  W.,  792 

French  scientists,  characteristics  of.  73 
Frequency  of  application  of  stresses,  275 
Friction  clutches.  1780 
Friction,  sUding,  1032 
Full-sised  ejre-bars.  tests  of,  1778 
Full-sised  members,  tests  of,  1776 
Functions  of  parts  of  structures  emphasized. 

1164 
Functions  of  the  inspecting  engineer,  1416 
Funicular  polygon.  649 
Furnishing  of  materials  by  Purchaser.  1758 
Future  enlargement  as  affecting  layout,  1816 
Future  of  bridge  building,  35 


Galileo's  law.  14 
Oallows-frames,  1818 


Gap-bar  for  rails,  356 
Garabit  viaduct  (France).  626 
Gasconade  River  Bridge  failure,  1841 
Gas  fixtures,  1177 
Gasoline  engines,  1808 

borings,  1106 

movable  span,  1708 
Gas-pipe  railing,  383 
Gas  pipes  for  lighting  systems,  1841 
Gastmeyer,  118 
Gates.  1784 

draw  spans,  1068 

movable  bridges,  677.  678 
Gate-tender's  house,  1784 
Gauge,  355 

angles,  333 

indicator,  1788 

permissible  variation  in,  1778 

widening  of  track  gauge  on  curves,  355 
Gears,  1717 

design  of,  1710 

pitch  diameters  for,  314-321 

pitch,  diametral  vs.  circular.  337 
General  clauses  in  specifications.  1648,  1880 
General  description.  1743 
General  limits  in  designing,  1661,  1661 
General  principles  in  designing,  1661-1668 
"General  Specifications  for  Highway  Bridges 

of  Iron  and  Steel."  1187 
Geographical    conditions    affecting    layout, 

1113 
Geological  formation,  1098 
"Getting  cold."  1871 
Gift  stock.  1600 
Girders. 

continuous.  482 

depths  in  viaducts.  329 

drums  of  swing  spans.  1684 

flanges,  centres  of  gravity  of.  427 

plate.     See  Plate-girders. 

reinforced-concrete.  depths  of,  1314 

round-ended.  333 

spacing  of.  1687 

square-ended.  333 

towers.  338.  339 
Glacial  drift.  1093 
Glasgow  Bridge.  28 
Glossary  of  terms.  1891-1116 
GohceD  carbonizing  coating.  771 
Goldbeck.  A.  T..  852.  857 
Golden  Horn  Bridge.  677 
Goodrich.  E.  P.,  784.  1010 
Gooseneck.  999 
Gordon,  Lewis,  14 
Gordon-Rankine  formula,  15 
Gordon's  formula.  14.  257 
Goss.  Prof.  W.  V.  M..  726 
Gothic  arches.  11 
Government  contracts.  1668 

excessive  cost  of,  1868 
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Government  requirements  as  affecting  layout, 

ino 

Grace,  Ufl,  lltt 

Grade  and  alignment.  IMH 

Grades, 

changes  in,  356,  374. 1748 

highway  structures,  374 

pavements  on,  368,  370 

sags,  IMl 
Gradient,  17M 
Grading  of  banks,  1059 
Graff,  C.  F.,  1684 

method  of  bidding  on  work,  1884, 1888 
Granitoid,  1888 

sidewalks,  1838 
Graphics,  158 

determination  of  stresses,  1877 

figuring  deflections,  249 

progress  records,  1489 

stress  computation,  158 
Graphite  paints,  767 

pigment,  766 
Grass-hopper  locomotive,  34 
Gratings  for  floors,  373 
Gratis  information,  1611 
Gravel,  54 

specifications  for,  1881 
Gravity  axes,  intersection  of,  273 
Gravity  lines,  meeting  of,  491 
Great  Bridge,  Boston,  19 
Great  Northern  Railroad  Vertical  Lift  Bridges 
over  the  Missouri  and  Yellow- 
stone, 737,  738 
Great  wall  arches,  9 
Greek  bridges,  5 
Greek  temples,  1188 
Griest.  Maurice.  562,  567 
Griffith,  J.  H.,  1010 
Grillages.  968.  1053 

plate-girder  spans,  459 
Grimm,  C.  R.,  178.  188,  216,  633 
Grips  for  rivets,  333 
Grooves,  drainage  of  for  rails,  373 
Grounds.  1797 

Grout  filler  for  brick  paving,  1888 
Grouting  foundations   by  pneumatic  pres- 
sure. 1066 
Grouting,  injection  of,  971 
Grouting  of  shoes,  459,  460 
Growth  of  steel,  332 
Groynes,  1058 
Grubenraann,  12 
Guaranteeing, 

estimates,  18S4 

faithfulness.  16S6 

mechanical  operation,  18S4 

paint,  771 

pavement,  1818, 1839 

securities,  1699 
Guards.  1638,  1684 


Guards, 

dapping  of,  364 
machinery,  1781 
rails,  356.  363,  364 
timbers,  363 
trestles,  774 
Gudmundsson,  G.,  506 
Guides  for  vertical-lift  spans,  1718 
Gun-fire  contingency,  designing  for,  1877 
Gun,  pneumatic,  1023 
Gusset  plates,  491,  501,  518-^29 

bottom  chord  joint,  Fratt  bridge.  526, 529 
O.  W.  R.R.  A  N.  Co.'s  bridge.  526, 527 
designing,  519,  522 

bending  and  direct  stresses,  520-522 
crushing.  519,  520 
example  of  hip  joint,  522-526 
shear,  520 

tearing  out,  519,  520 
top  chord  of  Fratt  bridge.  526,  528 
Gsrration,  radii  of,  504 
Gyratory  lift  bridges,  669 

H 

H-aections,  48 

Hadfield,  Sir  Robert,  61,  90. 

Half-dapping  for  camber,  752 

Half  pin-holes,  335 

Half-through  plate-girder  spans,  eooDomka 

of,  410 
Halsted  Street  Lift  Bridge,  Chicago,  718-720 
Hamilton  Arch  Bridge,  New  Zealand,  627, 

629,638 
Hand-brakes.  1704 
Handling  office  work,  1887 
Hand-mixing  of  concrete,  1884 
Hand-operation,  1701 

levers,  1781 

nuu;hinery,  1788 
HandraUs,  332,  382,  383,  1888 

aligning  of,  384 

connections,  field,  384 

flaring  ends,  1177 

gas-pipe,  383 

heights  of,  382,  383 

ornamental,  1177 

reinforoed-concrele  bridges,  945 

steel,  1786 

structural,  383,  384 

timber,  383 
Hand  riveting,  329 

Hangers  of  trusses,  sections  for,  494. 495. 1675 
Hanging  of  caisson,  996 
Hardesty,  Shortridge,  638,  783 
Hardness  of  concrete,  testing  of,  953 
Hariem  River  Arch,  643 
Harmony,  1164,  1166 
Harpoon,  1062 

Harrinum  S3rstem  Lift  Bridge  at  Portland, 
Oregon.  728.  730,  732.  733 
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Harrington,  John  lyle,  99,  794, 187S 
Haupt,  Heiman,  15 

Havana  Harbor  Bridge,  proposed,  612,  IIM 
design,  1076 
nickel  steel  for,  60 
triangulation  system  for,  1461-1488 
Ha^v'ks,  A.  McL.,  1077 
Ha^rthome  Avenue  Lift  Bridge,  Portland, 

Oregon,  724,  725 
Hasr  steel,  57 
Headway  requirements  of  War  Department, 

1143 
Head-Wrightson  Co..  675 
HAnring"  by  Army  EIngineers,  1141 
Heating  materials  for  concrete,  1044 
TT<»<fcfing  of  top  chords,  212 
Heat-treated  vanadiimi  steel,  84 
Heavy  Locomotive  Loadings  by  Irwin,  104 
Hell  Gate  Arch  bridge,  27, 28, 31, 500, 625-^27 
Hennebique,  18 
Hevia,  Horado,  1167 
Hish-alloy  steel  rivets,  84 
Hieh  and  low  bridges,  comparison  of,  663 
Hi^h  banks,  1090 
High  steel,  45,  88 
Highway  bridges, 
arch  ribs,  642 
clearances,  1639 
design  of  iron,  530 
f aUures,  1647 

floors,  364.  368,  1068, 1684»  1636 
grades  on.  374 
intensities  for,  257 
iron,  design  of,  530 
laterals  for.  406 
Hve  loads.  108.  117.  954. 1647 
main  members  of.  164S 
number  of  trusses  for.  483 
pin-oonnected,  1683 
plate-girder  spans.  1671-1673 
reinforced  concrete,  1636, 1637 
riveted-truss,  1680 
status  of  building.  163S 
styles  of.  1640 
trestles.  1644 
busses,  forms  of.  1641 
viaducts,  1636 
wind  kMids  for.  1646, 17iS 
'*  Highwasrmen."    stories  concerning,    1633, 

1634 
Hildreth  h  Co..  141S,  1110 
deformation  test.  1438, 1439 
instructions    to     inspectors,    1416-1419f 
1437,  1438,  1440-1441 
Hilton,  Charles.  29 
Hindoo  cantilever  bridges.  7 
Hinge  at  crown  for  arch  bridge.  646 
Hinge  plates,  335 
HingefawB  arches,  620,  621.  636 

in,  212 


Hinges  for  arches.  19 

Hinging  of  pedestals,  539 

Hinging  of  reinforoed-concrete  arches,  941 

Hip  joint,  designing  of,  523.  526 

History.  1-35 

bascule  bridges,  700 

highway  bridge  building.  1631, 1633 

impact  determination,  120 

live  loads,  98 

movable  bridges.  663 

reinforoed-concrete  bridges,  783 
Hodge.  Henry  W..  59.  64.  91-93,  100,  102, 
643.  660.  1068 

highway  floor.  1068 
Hodgkinson.  Eaton.  14-17 

formula  for  long  colimins.  14 
Hoisting  of  suspended  span  of  Havana  Har* 

bor  Bridge,  1077 
Holes  for  rivets,  1781 
Hollow  piers.  1024 
Homer.  11 

Hoods  for  sheaves.  1711 
Hoogly  River  Bridge,  India.  675.  676 
Hooke's  law.  14 
Hool's  "  Reinforced  Concrete  Constniotlon,'' 

863 
Horisontal  folding  draws,  665 
Horton.  Horace  E..  1066 
Houm,  1840, 1841 

gate-tender,  1734 

machinery.  1733 

operator.  1734 
Howard.  E.  E..  848.  865 
Howe.  Prof.  Malverd  A.,  617 
Howe.  William.  15.  20 
Howe  truss.  19.  20.  468,  472,  772 
HubbeU.  Clarence  W..  1613 
Hubs.  1468, 1469 
Hudson.  C.  W..  227.  231.  238 
Hudson  Memorial  Bridge  design,  1179 
Humps  in  track.  1111 
Hunt  (Robert  W.)  k  Co.,  1411, 1419, 14tt 

instructions  to  inspectors,  1419»  1430 
Hyatt,  28 
Hybrid  tnuw.  482 
Hybrid  truM  bridges.  42 
Hydraulic  buiTers  for  vertical  lift  bridges,  723 
Hydraulic  elevator,  992 
Hydrographic  map  and  profile.  1149 
Hydrographic  surveys  for  the  bridging  of 

navifcable  waters.  1147 
Uydrographical  survey,  1091 

1 

I-ljearrw,  47 

f4ftu\mnnnn  with  p)n(.«Hdrders,  410 
iUmttuitftK   tihti   fU^Hihtttc^      H^e  also  De- 
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^  /       American  Railway  Eniliiawrim:  M^ 
■odation,  1^ 
author's,  122,  123 

wab  memben,  120 
Incendiary  work  on  bridffee,  1100 
Imdlned  end  poeta,  bending  on,  1000 
Inclined  llaacea  of  plate-girdeni,  rivet  pitebea 

in,  433-436 
Inclined  surfaces,  wind  pressure  on,  160 
Incomplete  clauses  in  specifications,  lT4i 
Indemnification  against  liability,  1000 
Indeterminate  stresses,  178,  213,  223 

analysis  of,  213,  214 

avoidance  of,  217,  226 
Index,  1407 

Chapter  LXXVIII.  1780 

Chapter  LXIX.  1807 

tracing  file.  1410 
Indian  Engineering.  281,  1187 
IndiaDapolis  bridge  on  Capitol  Avenue,  UOO      InstaUmau^ 
Indicator,  1709 

boat,  1780 

lights,  1700 

lights  for  span  operation,  1001 
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Instructions, 

inq;>ecting  bridges,  16S0,  IMl 
inspectors, 

author's,  1417-1419,  1445-1447 
Hildreth,  1425-1419, 1437, 1488, 1440- 

1411 
Bobert  W.  Hunt  &  Ck>.,  1419, 1480 
Long's,  1419, 1414 
Instrumental  work  in  field,  1768 
Insulation  of  rails,  356 
Insurance  of  employees,  1609 
Insurance  of  records,  1609 
Intesrity  of  bid,  1881 

fnttf^nmties  of  working  stresses,  120,  255,  261, 
1664-1666 
compression  members,  259,  310 
concrete,  958,  959 
diversities  in,  260 
liishway  bridges,  257 
nickel  steel,  262,  1656, 1666 
railroad  bridges,  257 
reinforced-concrete,  264,  957-959 
reversing  stresses,  265 
steel,  257 

substructure  materials,  263 
timber.  263,  265,  1666 
wind  k>ads,  262 
wrought  iron,  257 
Intercity  Viaduct  of  Kansas  City,  piles  for, 

1016 
Interest,  compound,  1868, 1864 
Interference,  1680 

bridge  specialist,  42 
Interlocking  apparatus,  1801 
Intermediate  columns  in.  trestle  piers,  541 
Intermediate  hinges  in  stiffening  trusses,  655 
Intermediate  trusses  for  cantilever  bridges, 

590 
Internal  combustion  motors,  1708 
International  and  Great  Northern  Railway 

of  Texas,  bridges  on,  122 
International  Engineering  Congress,  57,  86 
International  Nickel  Company,  58 
Interprovincial  Bridge  at  Qt&.wa,  Canada, 

600 
Intersection  of  gravity  axes,  273 
Investigations,  preliminary,  l081 
Iowa  Central  Bridge  over  the  Mississippi,  724 
Iron  castings,  1777 
Iron  highway  bridges,  dasign  of,  530 
Iron  railroad  bridges,  origin  of,  16 
Iron  stringers,  origin  of,  24 
Irwin,  A.  C,  104 
Isaacs,  John  D.,  1441 

method  of  inspecting  steel  rails,  1441-1445 
I-sections  of  truss  members,  493 
Issuing  orders,  1630 


Jack-knife  bridges,  668,  669 


Jackson.  28 

Jackson,  George  W.,  726 

Janesville,  Ohio,  Bridge  failure,  1541 

Janni,  A.  C,  863 

Jaw  couplings,  1719, 1730 

Jaw-plates,  323, 1681 

Jealousy,  1613 

Jefferson  City  Bridge,  689 

triangulation,  1461 
Jet, 

movable,  992 

driving  piles,  1018 
Jetting  pipes  in  caissons,  990 
Jobs, 

listing  of,  1410 

numbers,  1389 
Johnson,  J.  B.,  15 
Johnson  T.  H.,  15 

Johnson's  Magnetic  Ixon  Oxide  paint,  770 
Johnston,  Phelps,  612 
Joint, 

detailing,  518 

expansion,  210,  211,  374 

sliding,  in  trestles,  539 
Joists,  365 

Jonson,  E.  F.,  215,  234 
Journal-bearings  for  tower-sheaves,  1711 
Justice,  1589 
Justice  Davis's  opinion  on  navigable  waters, 

1137 
Justice  Field's  opinion  on  navigable  waters, 

1137 
Judgment,  necessity  for,  269 


K-truss,  16,  390,  478 
advantages  of,  607 
secondary  stresses  in,  194 
Kamloops,  B.  C,  Lift  Bridge,  743 
Kansas  City  Bridge,  over  the  Blue  River, 

986 
Kaw   River   Bridge,  on   the  Kansas  City 

Southern  Railway,  Kansas  City, 

34,  35,  749 
Keithsburg  Bridge  over  the  Mississippi,  724 

secondary  stresses  in,  188 
Kellogg  truss,  468.  477 
Kenova  Bridge  renewal,  1508, 1509 
Kessler,  George  E.,  1169 
Ketchum.  Milo  S.,  215,  351 
Keys,  1718 
*'  Kinetic  Theory  of  Engineering  Structures," 

213,  214 
Kinzua  Viaduct,  545 
Kirkaldy,  David,  28 
Kirkham,  John  E.,  313 
Klein.  Samuel.  792 
Knee-braces,  293 
Knippel  Bascule  Bridge,  700 
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Koenigsberg  BaBcule  Bridge,  700 

KoU  Bridge,  281 

Kuichling's  fonnula,  HIS 

Kuns,  F.  C,  178.  188,  216.  502.  638.  546. 560, 

642 
Kutter's  fonnula.  lUO,  lUO 


Latermls  and  sway  bracing^ 


lshtAye,12 

Labor  (daily),  limits  of.  1786 
Labor  laws,  observance  of.  1786 
Lachine  Bridge,  25,  1071 
Lacing,  274,  285,  328,  331 

an^,  286 

bars,  339 

clearance  required  between  bars  or  angles, 
505 

comparison  of  types,  285-288 

desl^  of,  285-292 

formula  for  shear  on,  1678 

lapping  of  bars  or  an^es,  331 

minimum  clearance  for  painting.  505 

shear  on,  290 

strength  of  various  types,  28^286 

truss  members,  1678, 1679 

wc»^t,  286-288 
Lag  pUes,  1012 
LaOrange,  14 
Laing,  T.  E.,  717 
Lake  Shore  Sc  Michigan  Southern  Lift  Bridge, 

South  Chicago,  737 
Lambot,  18 

Lamp-posts,  384,  385.  386.  ISiS 
Landscape,  offense  to,  1161 
Landsdowne  Bridge.  594 
Language  in  specifications.  1668 
Lapping  of  lacing  bars,  331 
Lap-splices,  508,  511,  517 

designing  of,  512-515 
Latches  for  swing-spans,  1718 
Laterab  and  sway  bracing,  387-407,  1641, 
1648 

bottom  lateral  system,  398 

connections  of  struts,  293 

double  cancellation  for,  390 

expansion  details,  1067 

functions  of,  387 

highway,  plate-girder  spans,  396 

highway  truss  spans,  406 

I-beam  bridges,  391.  392 

plate-girder  spans,  392-394 

railway  deck  truss  spans,  403 

railway  through  truss  spans,  397 

rigidity  of,  388 

riveted  connections  for,  399 

sections  of  members,  389,  390 

skew  spans,  487 

solid  floors,  388 

stresses  in,  287 


coefficients  for  choitis,  175 
for  diagonals,  176,  177 
stringers,  connections  to,  300,  400 
through  plate-girder  spans,  304 
trass  spans,  1676, 1676 
upper,  400,  405 
Lath  for  wood-block  pavement,  368 
Latrobe,  Benjamin  H.,  23 
Lattice  bridges,  17 

Lattice    girders,    comparison    with    plate- 
girders,  411 
Lattice  trass  with  polygonal  top  choid,  468, 

476 
Latticing,  ^4 
Launching  caissons,  900 
Launching  spans,  1606 

longitudinally,  16U,  161S 
Launhardt's  formula,  255 
Laws,  labor,  observance  of,  1766 
Law-suits,  defense  of,  1667 
Laying  asphalt,  1816 
Lajdng  masonry  during   freesing  weatlMr, 

1864 
Laying  of  rails,  356, 1648 
Laying  out  work,  1871 
Layout  of  drawing  sheets,  1881 
Layouts,  1878 

considerations  affecting,  1810 
asthetios,  1816 
commercial  influences,  1118 
construction  facilities,  1116 
economic  considerations,  1117 
erection  considerations,  1116 
foundation  considerations,  1116 
geographical  conditions,  1118 
maintenance  and  repairs,  1117 
navigation  influences,  1116 
property  considerations,  1118 
stream  conditions,  1116 
time  considerations,  1116 
U.S.  Government  requirements,  UST- 
U46 
determination  of,  lUO 
elevated  railroads,  1871 
general,  information  on,  1871 
selection  of,  1068 

temporary,  for  East  Omaha  Bridge,  UTS 
trestles,  537 
Lead,  51 

Leaks,  stopping  of,  976 
Least  work,  principle  of,  214 
LeConte,  L.  J.,  90,  91 
Lecturing  to  engineering  students,  1688 
Leiter.  Z.  P.,  770 
Leiter*s    air-drying    salt-water^>roof  piiat, 

770 
Lengths, 

cover-plates.  440-444 
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effective,  16S9 

reinf oroed-ooneiete  structures,  960 

plate-girders,  economic  and  Kmiting,  409, 
410 

procurable,  rolled  sectioiis,  510 

spans,  economic,  1187 

ties.  361 

unsupported,  girder  flangnw,  431 
Lenticular  truss,  468,  474 
Lettering,  1881 
Leucol  oil,  770 
Levees,  effect  of,  118S 
Leveling  of  bed  rock,  1022 
Leveling  up  of  shoes,  460 
Levels,  1471, 1780 
Levers,  hand-operating,  1781 
Liability,  indenmification  against,  1886 
Liability  insurance  for  boring  party,  1106 
Liability,  non-waiving  of,  1868 
Ubrary,  1411 
Life  of  steel  bridges,  37 
Lift  bridges,  717-746 

details  of  design,  1696|  1086 

guides  for,  1711 

gsrratory,  669 

history  of,  717 

lifting  deck,  728 

machinery  for,  1717, 1788 

operating  drums  for,  1716 

operating  ropes  for,  1716 

power  for,  1700 

suspending  cables  for,  1718, 1718 

tioUes^  for,  1707 

vertical  717-746 

wind  loads  for,  155 
lifting  deck,  728 
lifts,  end,  for  swing  spans,  1717 
light  colors  for  bridge  paints,  768 
lights,  1707 

indicator  for  span  operation,  1801 

service  and  roadway,  1797 
systems,  1841 
lime,  56 

limit  switches,  1706, 1797 
Limiting  depths  for  open  dredging,  996 
limiting    lengths    of    railway    plate-girder 

spans,  409 
limits  in  designing,  1661, 1661 
limits  of  daily  labor.  1766 
limits  of  error  in  structural  steel,  1784 
lindenthal,  Gustav,  27.  126.  471,  482.  625, 

660.662 
lining-up  of  rivets,  328 
linseed  oil,  767 
linville,  J.  H.,  23.  24 
Liquidated  damages.  1564, 1876 
list  of  data  required   for   the  proper  de- 
signing of  railroad  bridges  and 
trestles,  1081 


of  jobs.  1410 
Uttle  River  Lift  Bridge.  L.  ft  A.  Ry.  Co.,  740 
little  Rock  Junction  Bridge,  repairs  afto- 
substructure  failure,  1880, 1841 
Uve  k>ads,  98-119,  954,  1648-1648,  168T» 
1688 
double-track  bridges,  107 
electric-railway  bridges,  107,  954 
end  shears,  diagrams  of, 

electric-railway  bridges,  109 
railway  bridges,  104 
equivalent,  for  floor-beams,  168 
equivalent,  for  stringers,  166 
equivalent  imiform,  diagrams  of, 
electric-railway  bridges,  110-116 
railway  Ixidgee,  105,  106 
hi£^way  bridges,  108,  117.  954. 1647 
history  of.  98 
motor  trucks,  118 
RaihtMkd  Bridges  by  Hodge,  100 
railroad  Ixidges,  various  loadings.  103 
railway  bridges,  954, 1646 
reduction  of,  344 
road  rollers,  118 
specifications  of   "Bridge  Engineering,'* 

103 
status  in  1907,  102 

stresses,  unit  reaction  method  of  comput- 
ing, 169 
swing  bridges,  1687,  1688 
testing  old  bridges,  1018, 1018 
Load  area,  definition  of.  857 
Loading-girders  for  swing  spans,  1681 
Loading  metalwork  on  cars  and  shipping, 

1766 
Loading  metalwork  on  vessel  and  preparing 

same  therefor,  1766 
Loads, 

base    slabs    of    oounterforted    retainin;; 

walls.  1039 
centrifugal.  133.  956.  1664 
counterforts   of   counterforted    retainin:^ 

walls.  1041 
dead.     See  Dead  Loads, 
highway  bridges,  1646.      See  also  Live 

Loads, 
impact.  120-131.  955.  1647 
live.     See  live  Loads, 
machinery  of  movable  spans.  1709 
piers,  pedestals,  and  abutments.  1045 
pUes,  1047 
power   jequipment    of    movable    spans, 

1697 
railway  Ixidges.  954.  1646 
reinforced-concrete  bridges.  954-957 
swing  spans.  1687,  1688,  1688 
traction.  149.  156,  157,  956,  1668 
transferred,  1661 
upUft,  97,  1660 
vibration,  149.  155,  1668 
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Lowe  Brothera  peinte,  771 

Loyalty,  liM 

Labrieatioii  of  biMhinci  and  hearingB,  flli 

Luchia,  Albert,  fiOO 

Lug  angles,  320,  881 

Lulu  Uaiid  Bridge, 

draw  proteotion,  780 

pUee,  1017 
Lump-sum  bids,  20,  40 
Lytton.  B.  C,  arch  cantUevering,  180A,  llM 

M 

Macadam  pavement,  18S7 
Machinery,     1787.      See    also    Tables    for 
Designing. 

bending  stresses  in  wire  ropes,  311 

equipment,  1708 

gears,  pitch  diameters  of,  314-321 

hand-operating,  1789 

installation  of,  1803 

materials,  1709 

movable  spans,  1708 

operating,  ITM,  1717 
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inspection,  1451, 14BS 

laying  during  freenng  weather,  IBM 

mortar  (or,  1M4 

permianble  preoBuree  on,  266 

piers,  1020 

proportioning  olt  1020 

batter  for,  1021 

plates,  453 

painting  of,  1814 

protection,  liS9 

second-dasB,  184S 

testing  old,  1518 
MajwivBneaB,  11T9 
Match-marking,  1528^  1788 
Materials  and  workmanship,  1718 

elec^cal,  1788 
Materials  for  bridges,  45,  1688 
'  abutments,  1031 

ancient  bridges,  13 

approximate  quantities  of,   1871-1874 

checking  receipt  of,  1477 

evolution  of,  16 

furnishing  of  by  purchaser,  1758 

inflection  of,  1418 

loss  of,  1768 

machinery,  1788 

prices  of,  1854,  1855,  1859,  1360,  1757 

records,  1477 

reinforced-concrete  construction,  cost  of, 
1859,1360 

reports,  1487 

eouroes  of  supply  for,  1756 

storing  of,  1885 

unit  weights  of,  1649 

valuation  of,  1480 
Matthyssen,  N.  H..  717 
Mattresses,  995.  1058.  1059, 1866-1868 

anchoring  of,  1062 

basket-woven,  1060 

pier  protection,  1028,  1060 

standard  types  of.  1060 

thicknesses  of,  1064 
Maumee  River  Bridge  at  Toledo,  Ohio,  689, 

'    980 
Maximum  shear,  criterion  for,  162,  164 
Maxwell's  law  of  reciprocal  deflections,  237, 

246 
Ma3raif  steel,  68 

cantilever  bridges  of,  71 

cost  of,  70.  1080 

esre-bars,  70 

location  of  ore,  69 

production  of,  70 

simple  truss  spans  of,  71 

strength  of,  69,  70 

testing  of,  72 
Mayer,  James,  662 
McKibben,  F.  P..  862 
McMath's  formuU,  1115 


Meanders  d  stroam*  1881 
Meaning  of  terms,  1888 
Measurements  of  boring  pipe,  ilOS 
Medium  steel,  45 

economics  of,  1100 
Mehm,  18 

Melts,  test  specimens  from,  1778 
Members,  depUis  of,  494,  495 
Memphis  Bridges,  28,  69,  596,  1158 
Merchants'  Bridge.  25 

estimate  of  cost  of,  1851, 1858 
Meroe,  EJ^opisr  arch  bridge,  9 
Merrill,  CoL,  473 
Merrimac   River  Bridge  at   Newburyport. 

Mass.,  1065 
Merriman,  Mansfield,  15 
Merriman  and  Jaooby,  502,  591,  634,  1800 
Metal, 

arches,  origin  of,  27 

caissons,  986,  987 

cleaning  of,  767,  768 

encasing  of  in  concrete,  769 

estimates  of  weights  of,  279 

extras  for,  327 

fatigue  of,  255 

identification  of,  1771 

injury  to  by  seepage,  769 

inspection  of,  1768 

loading,  1766 

loss  of,  1768 

portions  of  bridges,  1688 

prices,  1808 

protection  of,  765 

sections.  47 
unusual,  48 

special  cost  of,  327 

specification  for,  1770 

weight,  computation  of,  1377 

weights  of,  in  swing  spans,  1848 
Methods, 

pier  sinking,  967 

stress  computation,  158 

testing  steel,  1778 
Metropolis  Bridge  over  the  Ohio  River,  25, 26, 

88.265 
Michigan  Avenue  Bascule  Bridge,  Buffalo, 

701 
MillhoUand,  James,  22 
Milling, 

beams  and  stringers,  376-378,  1783 

cantilever  beams,  382 

ends  of  I-beams,  331 

trough  sections,  334 
Mill  scale,  removal  of,  768 
Mill  work  inspection,  1418 
Mingo  Junction  Bridge,  598 
Minimum  thickness  of  concrete,  962 
Minimum  thickness  of  metal,  1681, 1680 
MisUkes.  1555 
Mixing  of  concrete,  951, 1013, 18U 
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fwMliig  of,  1044 


-  •  fly. 


m:- 


fctflmpering  of,  1044 
MotoMmokOoadB,  Iflf 
Motor  wioooB,  106 
MoUm, 

deetrie,  ITOt,  ITOt,  ITOt,  tTM 
alteniAtijig  oaneDt,  ITM,  IfM 
direft-ouimit,  ITM 
mounting,  ITM 
'  internal  oombuirtkm,  ITM 
Mounting  of  moton,  ITM 
MovaUe  bridges,  603-746 

advantagee  and  dindvantagM  of,  680 

aerial  ferries,  670,  671 

bascules,  663,  700-716 

best  kinds  to  adopt,  680 

bob-tailed  swings,  664 

Hnfwos  of,  664 

comparison  of  lifts  and  swingi,  680 

comparison  of  vertical  lifts  and  bascules, 
682 

cost  of  power  for  operating,  670-681 

double  rotating  cantilever  swings,  665, 666 

economics  of,  1S06 

electrical  operation  of  draw  iqmns,  670 

floating,  674,  675    / 

folding,  668,  660 
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?ew  Westminster  Bridge.  liT4 

triangilation,  i4S3, 1484 
lew  Zealand  Arches,  1170 
Hiiffira  Arch,  data  for,  644 
liagarBrClif  ton  Arch  Bridge,  625 
iiagara  Gorge  Arch  Bridge,  626 
nagara  River  Bridge,  RoebliDg'a,  23 
ficholB,  S.  P.,  679 
rickel  steel,  28.  57.  58 

bridges,  Kmiting  weights  ol,  64 

brittle  sone,  61 

oompoflition,  60 

copper,  68 

costs,  61 

dastio  limit,  50,  60.  91,  92 

dongation,  92 

expeiimeiits  hy  author.  58 

eye-bars,  61.  93 

fenro-nickel  for  manufacturing,  68 

fitness  for  bridge  construction,  64 

intensities  of  working  stresses,  262,  16M, 
1656 

manganese,  61.  92 

nick^  92 

percentage  of  carbon,  92 

phosphorus,  92 

plate-and-shape,  61,  93 

price,  60 

requirements  for,  1771 

rivets,  61 

St.  Louis  Free  Bridge,  9] 

sulphur.  92 

ultimate  strength,  92 

vanadium-carbon  steel.  85 

vanadium-chromium  steel.  85 

weights.  61 

working  stresses.  262.  1665, 1666 
^Nickel  Steel  for  Bridges,"  59,  61 
Nier.  John  W..  1062 
Nikko  Bridge,  Japan,  7,  8 
Noble.  Alfred,  698 
Nobrac  paint,  771 
^^oiaele88  structures,  348 
Norris.  George  L..  82 
North  River  Bridge,  designs  for,  27 

Hodge.  660,  661 

lindenthal.  662 

Morison,  662 
^orik  Thompson   River  Lift  Bridge  near 

Kamloops,  B.  C,  743 
Notary  PubUc.  1667 
Notes  in  field.  1478 
Notice    of    commencement     of     fieldwork. 

1766 
Nosiles  for  water  jets,  1018 
Number  of  borings.  1094,  1101,  1396 
Number  of  stringers  per  track,  354 
Number  of  test  pieces  of  steel,  1774 
Number  of  trusses  per  span,  483 
Nuts,  1786 


Oak.  52 

Oakum,  51 

Observance  of  labor  laws,  ITtt 

Ofastadee, 

encountering.  1810 

pile  driving,  1018 

winking  piers.  994 
Obstades  to  approval  of  bridge  plans  hy  War 

Department,  1141 
Obstruction  of  channel 

by  piers,  USl 

freedom  from.  1090 
Off^ise  to  landscape,  lilt 
Office  practice,  1370 

handling  of.  1367 

hours  for  employees.  l«6i 

laying  out  work  in,  1371 

organisation,  1M6 
Oft-repeated  stresses.  255 
Ohio  Avenue  bpdge.  Kansas  City.  1079 
Oil.  Leuool.  770 
OU.  linseed.  767 
Old  bridges, 

condemnation  of.  1619 

live  loads  for  testing,  1616, 1619 

removal  of.  1749 

repairing  of,  1619 

stress  diagrams  for,  1619 
Omission  (temporarily)  of  cantilever  brackets, 

1073 
One-hinged  arch,  624,  630 
Open-bracing  for  cylinder  piers,  1056 
Open-deck  oonstruotion,  348,  354 

compared  with  ballasted  dock,  347 

shallow  floors,  353 
Open-dredging  process,  907,  081-007 

advantages  and  disadvautogos  of,  081 

caissons,  1866 

description  of,  081 

limiting  depths  for.  906 

maximum  depth  yot  used,  983 

where  used,  082 
Open-hearth  steel,  acid,  46 
Open-hearth  steel,  origin  of,  17 
Open-spandrel  arches,  940 
Open-webbed,  riveted-girder  spans, 

details  of  design  for,  1674 

truss  sections,  490-491   ,4 
Openings  required  by  War  Department  for 

movable  spans,  1143 
Operating  machinery,  1716, 17t7 

drums  for  Uft-spans,  1716 

ropes  for  lift-spans.  1716,  1789-1791 

ropes,  supports  for,  1716 
Operation  of  movable  bridgoSt 

cost  of.  1361 

electric.  1701-1708 

hand,  1701 
Operator's  house,  1784 
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wooden  railway  traata^  27 
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UTT 

by  artiatio  approaohaa,  UTS 

by  hand-raili,  1I7T 
Qromocto  Rivor  lift  Biidce.  748 
Oabom.  Frank  C,  644 
Osborne,  Richard;  22 
Other  oontraotors'  work,  17SS 
Outfit  for  borin^B,  lOSS 
Outlines  of  bridges,  lUS 
Overdriving  of  piles,  1018 
Overhang  of  car,  148 
Overrun  of  anises,  430 
Overtime, 

payment,  IMS,  1609 

work,  1630 
Overturning  moment  on  shoe  of  column*  804 
Ownership  of  plans,  1628 
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Pacific  Coast  cedar,  52 
Pacific  Highway  Bridge  at  Portland,  Oregon, 
686,  723,  1174, 1176 
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mspkudU  370.  ISOf ,  181T 
repairiac  1817 

basee.  388,  369 

bttuUthio,  370. 

brick,  370, 

oonciBte,  370 

curbs  on  embankments, 
of.  18S«,liM 
3d8,370 

guamitoe,  ISlSy  1839 

inaradam,  1817 

pHoh  filler,  368, 18S4 

plank,  365,  366 

sand  filler,  368 

stone-block,  370 

wood-block,  366-368 
Pajnment  clause  in  contracts,  1888 
Payvients,  1878, 1884 

partial,  to  contractor,  1888 
Pecos  River  Bridge  failure,  1841 
PiBdestal  piles,  1011 
PtodestalB,  1028 

IMiohoraflee  for,  1030 

base  castingB  for,  456 

bases,  1888 

batters  for,  1028 

elevated  raikxMds,  562 

elevatioa  of,  278 

footings,  1028 

foundations,  pressures  on,  1030 

hinging  of,  539 

kMsation  of,  284,  340 

position  of,  1866 

quantities  for,  1800 

trestles,  542 

truss  spans,  1880 

volumes,  1301, 13U,  18IS 
Ptogram,  Geo.  H.,  477 
Ptogram  truss,  468,  477 
Ptoalties,  1564 
Pencilling,  1884 

Penetration  test  for  asphalt,  1818 
Pennsylvania  Railioad,  lift  bridges  for, 

Chicago  River,  734,  736 

Calumet    River,    South    Chicago,    734, 
736 
PennsylvaDia  Steel  Company,  68 
pBBnsylvania  truss,  25,  469 
People,  weight  of,  108 
Per  diem  fees,  1804 
"Percentage  Method  of  Performing  Difficult 

Work,"  1688 
Percentage  reports  of  work,  1486 
Percentages  of  weights  of  details  for  trusses, 

1887,1839-1841 
Betcentages  of  weights  of  metal  in  swing 
spans  compared  with  those  of 
simple  spans  of  same  length. 
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Permanency  of  chann^ 
Permanent  cisusss,  1741 
Permissible, 

loadings  for  pilea,  lOOB,  1047 

pressures  on  masonry,  265 

pressures  on  soils,  964 

variations  in  wei^t  and  gauge,  17T8 

working  stresses,  255 
Perronet,  14 
Pferry,  28 
Petinot,93 
Petit  truss,  25,  468.  469,  470 

secondary  stresses  in,  194 

cambering  of,  758 
PhUbrick,  23 
Phoenix  column,  24 
Phosphor  bronse  bushings,  337 
Piers,  1020-1057 

arch,   quantities  in,   1887,   1S88»  1840, 
1341 

arch-bridges,  data  for,  1838 

oases, 

elevations  of  tops  of,  1051 
enlarging  of,  971 
pUes  in,  1050 

braced  steel,  1020 

brick.  1022.  1881 

buried,  535,  1031 

concrete,  1022 
coping  of,  1024 

cylinder,  1025,  1054 

open  bracing  for,  1056 
telescoping  of,  1026 

designing,  safety  in.  972 

details  of,  1007 

dumb-beU,  1023 

finding  position  of,  1478-1476 

founding  of,  on  a  thin  crust,  970 

hoUow.  1024 

impact  on,  964 

lengths  of.  1022 

locating,  1471 

triangulation,  1484 

masonry,  1020 

proportioning  of.  1020 

mattresses,  1060 

obstruction  of  channel  by.  lltt 

pile,  timber,  1057 

pivot,  1024 

platforms  for  construction  work,  999 

pneumatic-cylinder,  1056 

position  of,  1886 

protection,  1868 

mattresses  for,  1028 

proportioning  for  artistic  effect,  1178 

proportioning,  ordinary  method  of,  1022 

quantities  for,  1800-1310 

Red  Rook  CantUever  Bridge,  1022 

rip-rap  lor,  996 
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contractor's,  1718 

report  on,  1488 

seising  of  contractor's.  1616 
Plaster,  51 
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PUte-and-shi^M  nickd  sted,  61.  93 
Plate,  tin,  50 
Plate,  47.  1777 

bending  of,  331 

buckled,  47 

checkered,  374 

connecting,  strength  of,  284 

corrugated,  47 

extra  cost  of  wide,  327 

trough,  47 
Plate-g^ders  and  plate-girder  bridgetl.  408, 
418 

advantages  of,  408 

calculations,  411.     See  also  Designin:;. 

camber,  320,  332,  753,  754 

cantilever,  418,  444 

cast  shoes,  454 

comparison  with  truss  spans  and  I-beam 
spans.  408-410 

compression  flanges,  proportioning  of,  431 

connection  angles,  444,  445 

continuous  girders,  418,  419,  444 
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calculation  off,  432 
centres  of  gravity,  424,  427 
oover-plate  lengths,  440  444 
make-up  of  sections,  422-430 
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no  cover-plates.  428,  430 
rivet  pitches,  432-441 
section,  determination  of,  433 
splices,  421 
stringers.  328 
unsupported  lengths.  431-432 

full  splicing.  409 

grillages,  459 

half-through  railway,  economics,  410 

laterals,  392-397 

lengths  of  cover-plates,  440 

limiting  lengths,  409 

maximimi  shear,  412,  418 

moment, 

figuring  of,  412-418 
proportioning  for,  421,  432 

moment  diagram,  414-418 

origin,  23 

parabola  of  moment,  414  418 

reactions,  412^18 

rivet  connections,  445 

rivet  pitch.    See  Pitches  of  HvoU. 
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shipment,  409 
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BoadraOer,  UB 
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orowiiiiig,  872»  878 

drainAce,  878,  lil«»  tMi 
Bobinnn,  A.  F.,  847,  840,  litT 
Hobiuon,  Fkofenor  S.  -  W.,  184 

lonmila   lor    the    affset  «f  irftratlott; 
124 
Book  daoM,  073 
Book  Idaod  BridfS  dimw  (qwa,  ipioqiMi 

diflin  aBttinc  for,  IMT 
Roeker  beuingn,  aUdioft  469 
Eocker  ends  for  plate-cbtier  ipMifl»  468 
RockershoeB,  546 

plato-ginkrB,  464, 455 
Rods,  adjustable,  388 
Rods,  reinforcing.     See  Reinf oreing  ban. 
Roebling,  John  A.,  21,  28 
Rolled  carbon  stec^  45 
RoUed  I-beam  bridges,  408 

designing,  460 

details  of  design,  1867, 1688 

economics,  410 
Roller  bearings  for  swings,  1717 
Roller  bearing  type  of  bascule,  701 
Roller  nests  for  swing  spans,  696 
Rollers,  455H158.  1786 

bases,  457,  458 

dust  guards,  456 

eoq>an8ion,  for  truss  spans.  1679 
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SasB  in  grade,  1091 

Sags  in  track,  ISIS 

Saint^Venant,  14 

Salem.  Falls  City,  and  Western  Ry.  lift 

Bridge  at  Salem,  Ore..  737,  741 
Salesmanship,  1691, 1691 
Salt  in  concrete,  effect  of,  1044 
Samites    of    asphalt    paving,    181S,    1818» 

18SS,  18S8 
Sand, 

asphalt  pavement,  1811 

concrete,  54 

specifications,  1861 

washing,  1044 
Sand-bars,  making  borings  on,  1106 
Scuid  blast,  768 
Sand  cushion,  368 
Sand  filler,  368 

Sand  Point  (Idaho) ,  Lift  Bridge,  724 
San    Francisco    Bay,    proposed    cantilever 

bridge,  608-610.  614,  616 
Scaffolding  for  borings,  1104 
Scale  or  proportion  of  parts,  1160 
Scales  for  drawings,  1880 
Schedule  prices,  1886 
Schedules  of  charges.  1608-1604 
Scherser  Rolling  lift  bascules,  701-703,  714, 

716 
Schneider,   C.   C,   30,    120,   608,   642,   679. 
683.  686.  687.  1418 

formula  for  impact,  120 
Schuylkill      River      Bridge,      Philadelphia, 

21 
Schwedler  truss,  468,  476 
Sciotoville  Bridge  over  the  Ohio  River,  25, 

26,  31,  471,  482 
Scope  of  contract,  1869, 1870 
Scouring,  995,  1188 

determination  of  probability  of,  969 

river  beds,  1180 
Scows  for  borings,  1097, 1104 
Screens,  342 

bridge  floors,  386 
Screw,  1730 

piles,  1012 

spikes,  362,  363 
Sea  worms,  effect  of,  780 
Seals,  1886 

Seaman,  Henry  B.,  127 
Seats  for  shoes,  459 
Second-class  masonry,  1868 
Second  coat  of  paint,  766 
Second  Narrows  Bridge,  at  Vancouver,  B.  C, 

343,1076 
Secondary  stresses,  178-210,  217-226 

avoidance  of,  200 

cantilevering,  effect  of,  202 

classification  of,  179 

correction  of,  203,  1784 

history  ot  16 


Secondary  stresses, 

K-system  of  trussing,  104 

Petit  trusses,  194 

pins,  effect  of  on,  200 

reduction  of,  201 

short  method  of  computation  for,  181, 
185 
Secrecy,  1689 

promotion,  1699 
Sections, 

arches,  618 

metal.  47 

net,  riveted  tension  members,  295-298 

truss  members,  489-503,  526-530 

unusual,  48 
Securities,  guaranteeing  of,  1699 
Seepage,  975,  1059 

injury  to  metal  by,  769 
Segmental  rollers,  337,  455,  456 
Selection  of  layout,  1088 
Selection  of  type  of  cofferdam,  980 
Seltser,  H.  K.,  1463, 1618 
Semaphore  lights,  1800 
Semi-cantilevering,  574,  575,  577 

camber  for,  759 

method  of  erection,  1074 

secondary  stresses  due  to,  202 
Semi-circular  stone  arches,  10 
Sense  of  fitness,  inherent,  268 
Service  lights  and  roadway  lights,  1797 
Service  of  bridge  engineer,  value  of,  37 
Settlement  by  court,  1617 
Sewers,  maintenance  of,  1768 
Sewickley  Bridge,  596 
Seymour,  Silas,  27 
Shafts  and  shafting,  steel,  1788,  1779 

cold-rolled,  337 

forged,  337 

tower-sheaves,  1781, 
Shafts  of  piers  and  pedestals, 

batters  of,  1051 

designing  of,  1024 

piers,  1020,  1023,  1051 

reinforced-concrete  bridges,  954 
Shallow  floors,  349,  353,  493 
Shallow  foundations,  allowable  pressures  on, 

966 
Shapes,  structural,  origin  of,  17 
Shear, 

intensities  for,  257 

lacing,  290 

maximum, 

criterion  for,  162,  164 
plate-girders,  412,  418 

pins,  264,  1668 

plate-girders,  412-416 

reinSorced-concrete     beams    and    slabs, 
1667 

rivets,  tables  of,  325 

timber  beams,  302 
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MthMfeMnt,  410. 400 
il»4xiiti,  468, 464»  411 
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gimitliig,  450, 400    . 
BMMQiiiy  plates,  463 
roUor  and  rocker  Adm 

■le  of  baaa  fwiuind,  467 
iUdins  bearinn.  plain,  454. 460 
flliding  rockor  shoes,  464,  460 
types  of  beaitB0i,  453 
truss  spaas,  533,  533. 1000 
Skogim's  Bridfle  at  Nii±o.  J^qma,  7. 8 
Shop  dnrariBflB, 

checkins,  1306, 1300. 1300^  ftiOi 
filing,  1408, 14U 
record.  1401. 1408 
returning,  1300 
Shopwork,  327 

affecting  bridge  design,  326 
inspection,  1408 
Shore  protection  and  mattress  work.  1058. 

1886 
Short-leaf  yellow  pine,  52 
Shorlenilc  of  arches.  864 
Shortening  of  stringers,  209 
Shrinkage  of  timber,  772 
Shrubbery,  1166 


^    -t,-<5  V  •■/' 


;*ipf><yr; 


■*<fc<iwrv 


?^>*- 


.W^'r 


■^i 


^"4^:. 


Skkl 
8kiiiiMr«ll: 

OklBOillC'tl 

Slaba, 


INDEX 


2163 


Blahs, 

dwagning  of,  018 

pouring  of,  963 

reinforced  in  two  direotioDa,  Btfeawe  in, 
851-^2 
Slater,  W.  A.,  8fi2,  857 
Sleeve  nuta,  itaggering  of.  336 
Slettum.  K  A.,  792,  848,  865 
Slide  rule,  1S76 
SlidiEV  banks,  1074 
Sliding  bearingi  for  plate-girders,  458 
Sliding  friction.  1032 
Sliding  joints  in  trestles,  539 
raiding  rocker  bearings,  459 
Slope  of  stream,  lUO 
Smith,  Albert  Henry,  679 
Smith,  C.  K,  IMS 

Smith.  C.  Shaler.  25,  27,  29,  608»  107S 
Smith.  Latrobe  A  Co.,  27 
Smith.  T.  A.,  296 
Smith.  W.  M.,  941 
Smoke  protection,  1661»  1841 
Sockets,  rope,  312,  313.  1719, 1780 
Soft  steel,  45 
SoUs, 

characteristics  of,  1010 

compacting  of,  1008 

equilibrium  of.  1010 

permissible  pressures  on,  964 
Soldiering  on  work,  1088 
Soldiers  marching,  effect  of,  117 
Sole  plates,  beveled.  1007 
Solenoid  brakes,  1708, 1797 
Soliciting  work,  1000 
Solid, 

barrel  arch  ribs,  943 

deck  floors.    See  Floors. 

drilling,  334 

rib  arches.  636 

spandrel  arches.  940 

webs,  331 
Solitary  bents,  211 
Soundings.  1147 

Sources  of  supply  for  materials.  1700 
Southern  Pacific  Lift  Bridge,  728,  731 
South  Halsttd  Street  lift  Bridss,  Chicago, 

718-720 
Spacing, 

columns,  economics  of,  1104 

counterforts,  1042 

girders.  409, 1087 

reinf ordBg  bars,  minimum,  002 

stringers,  etc..  10S7 

ties.  360 

towers.  541,  542, 1044 

tracks,  355. 1030 

trusses.  483, 1080 
Span  lengths,  determination  of,  Ufi 
Span  lengths,  economic,  1187 
Span-locks  and  buffers,  1714 


Span  renewal  by  barges,  1010 
Spandrel, 

girders    and    oolumsja^    (joantities    foir, 
1889 

walls,  quantities  in,  1880, 1881 
Spandrel-braced  arches,  636 
Special  material.  332 
Special  reports.  1488 
Specialists.  41 
Specialisation.  36 
Specialty  of  bridge  Migineering,  36 
Specific    dauses    in    spedficationB,     1000, 

1501 
Specific  gravity  test  lor  asphalt.  Ifltl 
Specifications  for  design  and  construction, 

asphalt.  1809 

bridges  and  subways,  by  Seaman.  127 

manufacture  and  erection,  1741-1891 

piers,   abutments,   and   retaining  walls, 
design,  1045-1057 

reinforced-concrete  bridges,  design,  953- 
963 

steel  superstructures,  design,  1081-1740 
Specifications  in  general.  1548 

adherence  to  in  bidding.  1800 

common  sense  in  interpreting.  1000 

contracts,  dividing  Une  with,  1557 

definition.  1548 

designing.  1000 

favoritism,  avoidance  of,  1504 

filing  of.  1880 

first  printed,  29 

function  of,  true.  1661, 106S 

general  clauses  of,  1648, 1049, 1000 

importance  of,  1040 

language  in.  1008 

manufacture  and  construction.  1000 

necessity  of,  1000 

objects  of.  1648 

precision  in.  1666 

salient  features  of  good.  106S 

specific  clauses  of,  1560, 1661 

spirit  of  the.  1767 

without  plans.  1661 

writing,  foundation  of,  1040 

writing,  teaching  of,  1540' 
Specimens  for  testing,  1778 
Speed  of  train.  133 

critical.  124.  126 
Spikes.  362.  363.  1050 
Spilsbury.  E.  Gybbon.  662 
£^)iral.  355 
Spiral  approach  to  Havana  Harbor  Bridge, 

1076,  1157 
Spirit  of  the  specifications,  1707 
SpUoes.  507-512.  517,  518 

columns.  338 

compression  chords.  292 

development  of  reinforcing  bars.  963 

flanges  of  plate-girders,  421 
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SprincB,  eneoontering  of » 079 
Spur  dykes,  1058 
8q\iad  bosMS,  lS91-iMS 
Squad  work.  IStl-iMS 
Square  bare,  weigfataof,  709 
Square-column  footings,  838 
Square-ended  girders,  333 
Square  ends,  331 

Squaring  ends  of  skewed  structures,  354 
Stadia,   use  of,  for   hydrographic   surveiys, 

1147 
Staging.  1769 

pier  location,  1471 
Stairways,  1734, 1841 
Standard, 

dimensions,  332 

gauge,  355 

sections,  eoonomics  m  luani.  lAttl 
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temperature,  210 
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882,  957 
Templates  "^ 
Templets   /' 

reaming  to,  334 
Temporary  bridge,  1748 
Temporary  lay-out  for  East  Omaha  Bridge, 
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polyional,  470, 480,  487, 488 
Top  flanoe  bradng,  306 
Top-lateral  aystem,  400, 406 
Topograi^dcal  aurvey,  1881 
Topa  of  piar  baaea,  alavationa  of,  1051 
Tope  of  viaduet  ooimnna,  380 
Torsion,  256 

on  members,  272 
Tower  Bridfls,  London,  701, 1184 
Tower  sheaves,  1T80 

bearing  oonneotiona,  1V80 

journal-bearings,  1118 

shafta,lT81 
Towers, 

anchoring,  810 . 

bradng,  ^ 

columns,  batter  for,  540 

gtrden  in,  338,  330  j 
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sliding  joinU,  639 

Bteel,  536 

economic  span  lengths,  1S59, 1S70 

timber  for,  636,  773,  776 

timber,  origin,  21 

towers, 

bracing,  539 

connectiag  of  by  girders,  538,  530 

effect  of  traction  loading  upon,  157 

weights.    See  Weights  of  Steel  Super- 
structures. 

wooden,  536,  772,  773,  776 
Tiiangular-lattioe  truss,  474,  475 
Triangular  trusses,  24,  470,  471 

double-interaecUon,  468,  471 

stress  oo^cients,  172-174 
Triangulation,  1456 

checking,  1461 

correction  of  angles,  1461 

hubs,  1418, 1469 

ideal  system,  1469 

locating  piers,  1464 

records,  1461 
Trolley  poles,  384-386 
Trolleys  for  lift  spans,  1767 
Troubles  in  bridge  maintenance,  IftS 
Trough  floors,  330,  349.  1684 
Trough  plates,  47 
Trough  sections,  milling  of,  333 
Troweling,  1023 
Trumbull,  Earl,  22 
Truncated  cones  of  piers,  1306 
Trunnion  type  of  bascules,  701 
Truss  depths, 

economic,  1184 

excessive,  1176 
Trusses  and  truss  bridges,  468 

batten  plates,  505 

cambering,  333.  754,  755 

chords.     See  members. 

chords  of  lateral  systems,  175 

continuous,  25,  482 

curved  in  plan,  1071 

curved  top  chords,  479,  480,  487,  488 

deflection,  238 

depths  for  cantilever  bridges,  589 

description,  489 

detailing.  492.  503-526 

diagonals.     See  members. 

diagonals  of  lateral  systems,  176,  177 

diaphragms.     See  Diaphragms. 

elements,  489 

end  post.     See  members. 

equivalent  live  loads,  168 

formulsD  for  weights,  1S81 

gravity  axes,  491 

gusset-plates.     See  Ousset-plates. 

hangers.    See  members. 

hybrid,  482 


Trusses  and  truss  bridges, 

lacing,  285-292,  503-505, 1676, 1679 
lateral  connections,  503,  527,  532 
members  (pin-connected  trusses),  520-531 
bottom  chord,  527 
bottopi  lateral  connections,  527 
built,  526 

chord  sections,  527,  529,  530 
diagonals,  527 
eye-bars,  526,  527 
pin-packing,  527-529 
riveted  connections,  527 
web-plates,  527-529 
end,  528,  529 
multiple,  527,  528 
members  (riveted  trusses),  490 
angles  for  box  sections,  498,  499 
building  up,  500-503 
central  diaphragms,  498 
channel  sections,  495,  496,  502 
built,  495,  496 
roUed,  495 
cover-plate,  498,  499 
depth,  494 
details  at  joints,  518 
determination,  502,  503 

approximate  radii  gyration  (table), 

504 
net  section  (table).  512 
point  of  contraflexure    (diagram), 
298 
diaphragms,  498,  506,  507.  531 
four-angle  box  section,  laced,  498 
I-secUon,  493,  494,  495 
lacing.     See  Lacing, 
lateral  connections,  503 
multiple  punching,  503 
sections,  490-493,  502 
arrangement,  491,  492 
arrangement  of  angles,  492,  493 
deck  spans,  492 
through  spans,  493 
factors  determining,  492,  496 
open- web  riveted  girders,  490,  491 
pony  trusses,  490,  491 
typical,  490 
t(^  chord  and  end  post,  498-500 
angles.  499 
box-section,  499 
centre  of  gravity,  equality  in  two 

directions,  499 
cover-plate,  498,  499 
radius  of  gyration,  approximate,  504 
typical  sections,  490 
web-plates.  496-498 

between  angles,  496,  497 
full  depth,  496 
number,  497 
sixes,  497,  496 
widths.  493,  4^ 
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United  Sttftes  Steel  Corporation,  76 
Umversal  mill  plates,  straightness  of,  1425 
Unneceasaiy  rivets,  503 
Unsupported  lengths  of  columns,  960 
Unsupported  lengths  of  plate-girder  flanges, 

431 
UpUft  loads,  97,  1660 
Upper  lateral  systems,  405 
Use  of  piles  for  foundations,  969 


Vacation,  annual,  1608 

Valuation  of  materials  furnished,  1480 

Valuation  of  work  done,  1480 

Value  of  bridge  engineers'  services,  37 

"  Value  of  English  to  the  Technical  Man," 

1673 
Value  of  pigment,  766 
Van  Bnmt.  Henry,  1160 
Van  Omum,  Professor,  1059 
Vanadium-carbon  steel,  82,  89 

nickel  in,  85 
Vanadium-chromium  steel,  82 
Vanadiimi  steel,  84,  86 

bridges,  costs  of,  85 

bridges,  economics  of,  86 

heat-treated,  84 

possibilities  of,  90 

strength  of,  82 

titanium  in,  85 
Variable  clauses,  1741 
Variation,  permissible,  in  weight  and  gauge, 

1779 
Varying  of  i>anel  lengths,  10&8 
Vehicle  for  paint,  766 

Velocities  of  current,  determination  of,  1148 
Velocities  of  trains,  132,  134 
Vera    Cruz    and    Pacific    Railway    Bridge, 

foundations,  983 
Vertical  curves,  356,  374 
Vertical  end  posts  for  through  spans,  481 
VerUcal  lift  bridges,  717-746 

advantages  of,  746 

cambering  of,  753,  761 

cambering  of  towers  for,  762,  763,  764 

oomp2irison  with  basculeo.  1208 

comparison  with  swing  6pans722,  1208 

counterbal  ancing  chains, 

grouping  of,  744,  745 

guides  for,  1722 

history  of,  717 

hydraulic  buffers  for,  723 

longest  movable  span  of,  737 

machinery  for,  1789 

Pennsylvania     Railroad     Company     at 
Chicago,  734,  736 

provision  for  cantilever  bracket  loading, 
746 

Rail.  743 


Vertical  lift  bridges, 

Strauss.  743 

tabulation  of,  744 

unbalanced  loads  on,  722 

wind  loads  for,  155 
Vertical  loads  on  girder  flanges,  rivet  pitches 

for,  436 
Vertical  splice  plates,  main,  design  of,  451 
Vertical  sway  bracing,  401,  402,  404 
Vessel  signals,  1801 
Vessels,  loading  metal  on,  1766 
Viaducts,  338,  534 

colunms,  tops  of,  339 

cross-frames,  338 

definition,  534 

girder  depths,  329 

highway,  1686 

tower-girders,  339 

towers,  329 
Viaur  Viaduct  (France),  631,  632 
Vibration, 

effect  of,  256 

formula,  Robinson's,  124 

loads.  149.  155,  1653 
Victoria  bridge,  23 
Void  drawings,  1390, 1396 
Voids,  percentage  of,  1467, 1468 
Volatilisation  test  for  asphalt,  1820 
"  Volume  of  Layout,"  1338 
Von  Emperger,  F.,  18,  28 


W 

Waddell,  J.  A.  L. 

"  A  "  truss.  468,  477 
formula  for  impact,  122 
Waddell,    Montgomery,   t3n;>ee  of   bascules, 

711,  712,  715 
Waddell,  N.  Everett,  783.  1893 
WaddeU,  R.  W..  1893 
Waddell  &  Harrington  bascule.  709-711 
Wages,  rates  of,  1766 
Wagner,  Samuel  Tobias,  351 
Wagons,  weights  of,  118 
Waikato  River  Arch  Bridge  at  Cambridge, 

New  Zealand,  630,  638 
Waikato  River  Arch  Bridge  at  Hamilton, 

New  Zealand,  627,  629,  638 
Wakefield  sheet  piling,  975,  1013 
Walker,  W.  R.,  76 
Walkways,  361 
Walkways  and  stairs,  1734 
Walls. 

double-shaft  piers,  1052 
footings,  837 

calculation  of  stresses  in,  861 
designing  of,  939 
retaining.   1031.    1032.       See   Retaining 
waUs. 
Wandipore,  Tibet,  cantilever  bridge,  7 
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wood-falook  lloon,  a06 

oompound,  600 
dumb-bell  piiii,  1082 
platfli,  plate-girden.  41^-421 
depth  of,  419,  420 
deagn  of,  410^121 
■plioes,420 

■trees  dietribotion,  420 
Mioee,  plate-girden,  901,  447-462 
dMisQ,  450-482 
loads,  447,  450 

typMf  comparison  of,  447-442 
thickening  of,  333 
Web  reinforcement  for  reinforoed-eciiereta 

constructions,  902 
Wedges  for  swing  spans,  096,  1T17 

machinery  for,  1724 
Weekly  chariB  of  progreee,  1486 
Weekly  reports.  1486 
Weepers,  1032 
Weights, 

asphalt  pavement,  ^ 
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